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(54) METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE AND P- CHANNEL TYPE 
SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing a semiconductor device wherein, at post-oxidation 
for improved characteristics and reliability, a metal layer 
constituting a gate electrode is prevented from being oxidized 
while the fluctuation in threshold voltage is suppressed. 
SOLUTION: The method for manufacturing a p-channel type 
semiconductor device comprises a process A where a gate 
insulating film 22 is formed on the surface of a semiconductor 
layer 20, a process B where a gate electrode 23 is formed where a 
metal layer 230 and a silicon layer 23A comprising p-type impurity 
are laminated, a process C where an oxidizing gas permeable layer 
25 is so formed on the semiconductor layer 20 as to cover the 
side surface of silicon layer 23A while allows the metal layer 230 
to protrude, a process D where an oxidation-resistant layer 27 
covers the top surface and side surface of the metal layer 23C 
which protrudes above the oxidizing gas permeable layer 25. a 
process E where the oxidizing gas permeable layer 25 is selectively 
removed and is left out on the side surface of silicon layer 23A, 
and a process F where an oxide film 23D is formed on the side 




•23; 




surface of silicon layer 23A by a thermal process in an oxidizing atmosphere. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



- l.This document has been translated by computer. So the translation may not reflect the original precisely. 

- 2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1] (b) On a semi-conductor layer, carry out patterning of a metal layer and the silicon layer after 
carrying out sequential formation of a silicon layer and the metal layer. So that the process which forms in 
a side face the layered product which the silicon layer exposed, and the side face of a (b) silicon layer may 
be covered and a metal layer may project The process which forms a oxidizing gas transparency layer on a 
semi-conductor layer, and the process which covers with an oxidation-resistant layer the top face and side 
face of a metal layer which were projected from the oxidizing gas (Ha) transparency layer, the process 
which removes alternatively the oxidizing gas transparency layer on a (d) semi-conductor layer, and leaves 
a oxidizing gas transparency layer to the side face of a silicon layer, and the process which forms an oxide 
film in the side face of a silicon layer by heat-treating in a (e) oxidizing atmosphere — since ~ the 
manufacture approach of the semiconductor device characterized by changing. 

[Claim 2] It is the manufacture approach of the semiconductor device according to claim 1 which a metal 
layer consists of a tungsten and is characterized by a layered product constituting a gate electrode. 
[Claim 3] It is the manufacture approach of the semiconductor device according to claim 1 characterized 
by for a oxidizing gas transparency layer consisting of silicon oxide, and an oxidation-resistant layer 
consisting of silicon nitride. 

[Claim 4] (b) On a semi-conductor layer, carry out patterning of an oxidation-resistant layer, a metal layer, 
and the silicon layer after carrying out sequential formation of a silicon layer, a metal layer, and the 
oxidation-resistant layer. So that the process which forms in a side face the layered product which the 
silicon layer exposed, and the side face of a (b) silicon layer may be covered and an oxidation-resistant 
layer and a metal layer may project The process which forms a oxidizing gas transparency layer on a semi- 
conductor layer, and the process which covers with the oxidation-resistant film the side face of the metal 
layer projected from the oxidizing gas (Ha) transparency layer, the process which removes alternatively the 
oxidizing gas transparency layer on a (d) semi-conductor layer, and leaves a oxidizing gas transparency 
layer to the side face of a silicon layer, and the process which forms an oxide film in the side face of a 
silicon layer by heat-treating in a (e) oxidizing atmosphere — since — the manufacture approach of the 
semiconductor device characterized by changing. 

[Claim 5] It is the manufacture approach of the semiconductor device according to claim 4 which a metal 
layer consists of a tungsten and is characterized by a layered product constituting a gate electrode. 
[Claim 6] It is the manufacture approach of the semiconductor device according to claim 4 characterized 
by for a oxidizing gas transparency layer consisting of silicon oxide, and an oxidation-resistant layer and 
the oxidation-resistant film consisting of silicon nitride. 

[Claim 7] (A) The process which forms the process which forms gate dielectric film in the front face of a 
semi-conductor layer, and the gate electrode with which the laminating of the silicon layer which contains 
p moid impurity on (B) gate dielectric film, and the metal layer was carried out. (C) So that the side face of 
a silicon layer may be covered and a metal layer may project The process which forms a oxidizing gas 
transparency layer on a semi-conductor layer, and the process which covers with an oxidation-resistant 
ayer the top face and side face of a metal layer which were projected from (D) oxidizing gas transparency 
layer, (E) by removing alternatively the oxidizing gas transparency layer on a semi-conductor layer, and 
heat treating in the process which leaves a oxidizing gas transparency layer to the side face of a silicon 
layer, and the (F) oxidizing atmosphere The manufacture approach of the p channel mold semiconductor 



device characterized by having the process which forms an oxide film in the side face of a silicon layer. 
' [Ciaim 8] A metal layer is the manufacture approach of the p channel mold semiconductor device 
according to claim 7 characterized by consisting of a tungsten. 

[CJaim 9] It is the manufacture approach of the p channel mold semiconductor device according to claim 7 
.characterized by for a oxidizing gas transparency layer consisting of silicon oxide, and an oxidation- 
resistant layer consisting of silicon nitride. 

_[Claim 10] (A) The process which forms the process which forms gate dielectric film in the front face of a 
semi-conductor layer, and the gate electrode with which the laminating of the silicon layer which contains 
p mold impurity on (B) gate dielectric film, a metal layer, and the oxidation-resistant layer was carried out, 
(C) So that the side face of a silicon layer may be covered and an oxidation-resistant layer and a metal 
layer may project The process which forms a oxidizing gas transparency layer on a semi-conductor layer, 
and the process which covers with the oxidation-resistant film the side face of the metal layer projected 
from (D) oxidizing gas transparency layer. (E) by removing alternatively the oxidizing gas transparency layer 
on a semi-conductor layer, and heat-treating in the process which leaves a oxidizing gas transparency 
layer to the side face of a silicon layer, and the (F) oxidizing atmosphere The manufacture approach of the 
p channel mold semiconductor device characterized by having the process which forms an oxide film in the 
side face of a silicon layer. 

[Claim 11] A metal layer is the manufacture approach of the p channel mold semiconductor device 
according to claim 10 characterized by consisting of a tungsten. 

[Claim 12] It is the manufacture approach of the p channel mold semiconductor device according to claim 
10 characterized by for a oxidizing gas transparency layer consisting of silicon oxide, and an oxidation- 
resistant layer and the oxidation-resistant film consisting of silicon nitride. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a semiconductor device, and 

the manufacture approach of a p channel mold semiconductor device. 

[0002] 

[Description of the Prior Art] In recent years, in a CMOS transistor, low-battery-ization is attained for 
low-power-izing, therefore, enough low moreover, symmetrical threshold voltage is required from a p 
channel mold semiconductor device and an n channel mold semiconductor device. In order to cope with 
such a demand, in a p channel mold semiconductor device, the gate electrode which consisted of polish 
recon layers containing old n mold impurity is replaced, and the gate electrode which consisted of polish 
recon layers containing p mold impurity is used. In addition, CMOSFET of such structure is called 
CMOSFET which has dual gate structure. However, by various kinds of heat treatments in the 
semiconductor device production process after gate electrode formation, the boron atom (B) which is p 
mold impurity usually used passes gate dielectric film from a gate electrode, reaches even a silicon semi- 
conductor substrate easily, and fluctuates the threshold voltage of a p channel mold semiconductor device. 
Such a phenomenon appears much more notably, when gate dielectric film is made much more thin for low- 
battery-izing. 

[0003] Moreover, there is a problem that rate-limiting [ of the working speed of a semiconductor device ] is 
carried out by RC delay in wiring of electrodes, such as a gate electrode, gate wiring, etc., with high 
integration of the semiconductor integrated circuit by detailed-izing of a semiconductor device in recent 
years. So, the gate electrode of the two-layer structure (polycide structure) of a polish recon layer and a 
metal silicide layer is used instead of the polish recon layer monolayer as a gate electrode. However, in the 
semiconductor device after 0.25-micrometer generation, the gate electrode of further low resistance is 
called for rather than the gate electrode which has polycide structure, and the gate electrode which has 
the poly metal structure attracts attention in recent years. Here, the gate electrode which has the poly 
metal structure has the structure where the laminating of a polish recon layer and the tungsten layer was 
carried out In addition, the reaction prevention layer which consists of WN in order to prevent the reaction 
of silicon and a tungsten is formed between the polish recon layer and the tungsten layer. 
[0004] In the production process of a semiconductor device, oxidation is performed, after forming a gate 
electrode and aiming at improvement in the property of a semiconductor device, or dependability. While the 
side face of a polish recon layer oxidizes by performing post-oxidation, it can control that leakage current 
occurs through the gate dielectric film with which the thickness of gate dielectric film [ / near the gate- 
dielectric-film edge ] can set near the gate-dielectric-film edge by becoming thick. 

[0005] In the gate electrode which has the polycide structure which consists of a polish recon layer and a 
tungsten silicide (WSiX) layer, a tungsten silicide layer with superfluous Si is usually used as a tungsten 
silicide layer rather than X= 2.0 which is stoichiometric composition. At a post-oxidation process, a semi- 
conductor substrate is put on an oxidizing atmosphere, heating the semi-conductor substrate with which 
the gate electrode was formed. Of this, Si of the surplus in a tungsten silicide (WSiX) layer oxidizes, and an 
oxidation silicone film is formed not only in the side face of the exposed polish recon layer but in the front 
face of a tungsten silicide layer. 
[0006] 



, [Problem(s) to be Solved by the Invention] When it applies to the gate electrode which, on the other hand, 
has the poly metal structure where the lanninating of a polish recon layer and the tungsten layer was 
carried out in post-oxidation, a tungsten layer oxidizes and it is set to W03. Since a big cubical expansion 
is/ollowed on oxidation of a tungsten layer, exfoliation of a tungsten layer etc. occurs and there is a 
•problem of it becoming impossible to manufacture a semiconductor device. 

[0007] The approach for preventing oxidation of such a tungsten layer is well-known from JP.60-9166.A. 
-According to the technique indicated by this patent public presentation official report, after forming gate 
oxide on a silicon semi-conductor substrate and forming the electrode which consists of a tungsten on 
gate oxide, it heat-treats in H2 carrier gas which contains H20 10 ppm - 10% in the temperature 
requirement of 500-1 200-degreeC. The thickness of gate oxide becomes thick by existence of H20. by 
existence of H2 gas, oxidation of a tungsten layer is prevented and a silicon semi-conductor substrate 
oxidizes alternatively as a result. 

[0008] When a polish recon layer and a tungsten layer apply the technique indicated by this patent public 
presentation official report to the gate electrode which has the poly metal structure by which the 
laminating was carried out, it is necessary to carry out ambient temperature more than 800-degreeC. 
However, after this, the boron atom which is p mold impurity usually used passes gate dielectric film from a 
gate electrode, reaches even a silicon semi-conductor substrate easily in an oxidation process, and 
fluctuates the threshold voltage of a p channel mold semiconductor device. And since hydrogen gas is 
contained in the ambient atmosphere of hot post-oxidization, the enhanced diffusion by hydrogen arises, 
and a boron atom passes gate dielectric film from a gate electrode still more easily, and reaches even a 
silicon semi-conductor substrate. 

[0009] The purpose of this invention Therefore, when [ for example, ] oxidizing after aiming at the 
improvement of the property of a semiconductor device and dependability to the gate electrode which has 
the poly metal structure, The side face of the silicon layer which constitutes a gate electrode can be 
oxidized alternatively. Oxidation of the metal layer which constitutes a gate electrode can be prevented, 
and it is in offering the manufacture approach of the semiconductor device which can moreover control 
fluctuation of the threshold voltage of the semiconductor device resulting from post-oxidation as much as 
possible, and the manufacture approach of a p channel mold semiconductor device. 
[0010] 

[Means for Solving the Problem] The manufacture approach of the semiconductor device concerning the 
1 st mode of this invention for attaining the above-mentioned purpose On a (b) semi-conductor layer, after 
carrying out sequential formation of a silicon layer and the metal layer, patterning of a metal layer and the 
silicon layer is carried out. So that the process which forms in a side face the layered product which the 
silicon layer exposed, and the side face of a (b) silicon layer may be covered and a metal layer may project 
The process which forms a oxidizing gas transparency layer on a semi-conductor layer, and the process 
which covers with an oxidation-resistant layer the top face and side face of a metal layer which were 
projected from the oxidizing gas (Ha) transparency layer, the process which removes alternatively the 
oxidizing gas transparency layer on a (d) semi-conductor layer, and leaves a oxidizing gas transparency 
layer to the side face of a silicon layer, and the process which forms an oxide film in the side face of a 
silicon layer by heat-treating in a (e) oxidizing atmosphere — since — it is characterized by changing. 
[0011] The manufacture approach of the semiconductor device concerning the 2nd mode of this invention 
for attaining the above-mentioned purpose On a (b) semi-conductor layer, after carrying out sequential 
formation of a silicon layer, a metal layer, and the oxidation-resistant layer, patterning of an oxidation- 
resistant layer, a metal layer, and the silicon layer is carried out. So that the process which forms in a side 
face the layered product which the silicon layer exposed, and the side face of a (b) silicon layer may be 
covered and an oxidation-resistant layer and a metal layer may project The process which forms a 
oxidizing gas transparency layer on a semi-conductor layer, and the process which covers with the 
oxidation-resistant film the side face of the metal layer projected from the oxidizing gas (Ha) transparency 
layer, the process which removes alternatively the oxidizing gas transparency layer on a (d) semi- 
conductor layer, and leaves a oxidizing gas transparency layer to the side face of a silicon layer, and the 
process which forms an oxide film in the side face of a silicon layer by heat-treating in a (e) oxidizing 
atmosphere — since — it is characterized by changing. 

[0012] The manufacture approach of the p channel mold semiconductor device concerning the 1st mode of 
this invention for attaining the above-mentioned purpose (A) The process which forms the process which 



forms gate dielectric film in the front face of a semi-conductor layer, and the gate electrode with which the 
laminating of the SI icon layer which contains p mold impurity on (B) gate dielectric film, and the metal layer 
was carried out. (C) So that the side face of a silicon layer may be covered and a metal layer may project 
The process which forms a oxidizing gas transparency layer on a semi-conductor layer, and the process 
^ which covers with an oxidation-resistant layer the top face and side face of a metal layer which were 
projected from (D) oxidizing gas transparency layer. (E) It is characterized by having the process which 
removes alternatively the oxidizing gas transparency layer on a semi-conductor layer, and leaves a 
ox.diz.ng gas transparency layer to the side face of a silicon layer, and the process which forms an oxide 
film in the side face of a silicon layer by heat-treating in the (F) oxidizing atmosphere 

L0013J The manufacture approach of the p channel mold semiconductor device concerning the 2nd mode of 
this invention for attaining the above-mentioned purpose (A) The process which forms the process which 
forms gate dielectric film in the front face of a semi-conductor layer, and the gate electrode with which the 
laminating of the silicon layer which contains p mold impurity on (B) gate dielectric film, a metal layer and 
the oxidation-resistant layer was carried out (O So that the side face of a silicon layer may be covered 
and an oxidation-resistant layer and a metal layer may project The process which forms a oxidizing gas 
transparency layer on a semi-conductor layer, and the process which covers with the oxidation-resistant 
film the side face of the metal layer projected from (D) oxidizing gas transparency layer (E) It is 
characterized by having the process which removes alternatively the oxidizing gas transparency layer on a 
semi-conductor layer, and leaves a oxidizing gas transparency layer to the side face of a silicon layer and 

atmosphere ""^ ^" ^'"^ ^'''^ °^ ^ i" the (F) oxidizing 

[001 4] the 1 St or the 2nd voice of this invention - in the manufacture approach of the semiconductor 
device applied like, a metal layer can consist of a tungsten (W) or molybdenum (Mo), a silicon layer can 
consist of polish recon or an amorphous silicon, and a layered product can be made into the gestalt which 
constitutes a gate electrode, moreover, the 1st or the 2nd voice of this invention ~ in the manufacture 
approach of the p channel mold semiconductor device applied like, a metal layer consists of a tungsten (W) 

!inrr r- M ' ^ '^y^'' ^^"'•'^'''^ *° P°"«h recon or an amorphous 

WM T M ^Ki" ! uJ!""" T P'-evention layer which consists of various metal nitrides, such 

as WN. T.N ZrN. and HfN. in order to prevent the reaction of the silicon atom which constitutes a silicon 
layer and the metal atom which constitutes a metal layer between the metal layer which consists of a 
tungsten or molybdenum in these cases, and the silicon layer which consists of polish recon or an 
amorphous silicon. 

[0015] In the manufacture approach of the semiconductor device concerning the 1st or the 2nd mode of 
this invention or the manufacture approach (these may only be hereafter called this invention generically) 
of a p channel mold semiconductor device which starts the 1 st or the 2nd mode of this invention again A 
oxidizing gas transparency layer (layer which may make oxygen gas and a steam penetrate) Although 
r^^c'lf plJr m°°" o^^ e^V'^ desirable, in addition. SOG (Spin On Glass). PSG (PhosphoSicicate 
Glass) BPSG (Boro-PhosphoSicicate Glass). BSG. AsSG. PbSG. SbSG. NSG. LTO (Low Temperature 
Ox.de) Low-temperature CVD-Si02 and specific Inductive capacity can mention what carried out the 
.J^rM T"'° materials, such as 3.5 or less low dielectric constant insulating material (for 

in^Tdients ^ perfluorocarbon polymer, benz-cyclo-butene) and polyimide. or these 

[0016] On the other hand, as for an oxidation-resistant layer and the oxidation-resistant film (the layer or 
(SiN)''^rtiON " °'' ^ ^^^^"^ P^"^*'^*® ^^^"y^' desirable to consist of silicon nitride 

9nw I? aPP'-oach of the p channel mold semiconductor device concerning the 1 st or the 

2nd mode of this invention As the formation approach of a gate electrode that the laminating of the silicon 
layer (for example, a polish recon layer and an amorphous silicon layer) and metal layer containing p mold 
impurity is carried out. and they change After producing the silicon layer containing p mold impurity (for 
example boron) on gate dielectric film based on a CVD method, a metal layer is produced on the whole 
th!' r' ^""^""^ ■ ""^^^^"^"^'y After forming the approach of carrying out patterning of a metal layer 

CVD m.thL°r 7- ^ '^^^^ "^^'^^ ^" '"^P^'-'ty °" g^t« dielectric film with a 

CVD method and injecting p mold impurity (for example, boron and BF2) into a silicon layer with ion- 
implantation. A metal layer can be produced on the whole surface and. subsequently the approach of 



carrying out patterning of a metal layer and the silicon layer can be mentioned. 

[Qpi8] In this invention, the semi-conductor layer may consist offer example, silicon semi-conductor 
substrate itself, and can illustrate melting and the substrate made to recrystallize for polycrystalline silicon 
on the substrate which carried out epitaxial growth of silicon or the Si-germanium mixed-crystal system on 
the spinel, the substrate which carried out epitaxial growth of silicon or the Si-germanium mixed-crystal 
system on sapphire, and an insulator layer. The p-type silicon semi-conductor substrate with which the 
impurity of n mold silicon semi-conductor substrate with which the impurity of n mold was doped, or p mold 
was doped as a silicon semi-conductor substrate can be used, a silicon semi-conductor substrate (silicon 
single crystal wafer) — a CZ process and MCZ law and DLCZ — you may be the silicon semi- 
conductor substrate produced by what kind of approaches, such as law and an FZ method, and hydrogen 
annealing could be added beforehand. Moreover, the semi-conductor layer may consist of so-called SOI 
(Semiconductor-On-Insulator) layers currently formed on the insulating layer formed in the support 
surface. When the semi-conductor layer consists of silicon semi-conductor substrate itself, a 
semiconductor device turns into the so-called bulk semiconductor device, and when it consists of SOI 
layers, a semiconductor device turns into the so-called SOI mold semiconductor device. The semi- 
conductor layer may consist of Si and may consist of Si-germanium mixed-crystal systems. 
[0019] After making a ** semi-conductor substrate and a support substrate rival through an insulating 
layer as the formation approach of a SOI layer, a semi-conductor substrate grinding and by grinding from a 
rear face Obtain the base material which consists of a support substrate, an insulating layer, and the semi- 
conductor layer which consists of grinding and the semi-conductor substrate after polish, the semi- 
conductor substrate after carrying out the ion implantation of the hydrogen ion to a semi-conductor 
substrate after forming an insulating layer on a substrate lamination method ** semi-conductor substrate, 
and forming stratum disjunctum in the interior of a semi-conductor substrate, and a support substrate — 
an insulating layer — minding — lamination — subsequently From stratum disjunctum, exfoliate (cleavage) 
and the semi-conductor substrate left behind in the semi-conductor substrate by heat-treating grinding 
and by grinding from a rear face After carrying out the ion implantation of the oxygen ion to the interior of 
the Smart cutting method ** semi-conductor substrate which obtains the base material which consists of 
a support substrate, an insulating layer, and the semi-conductor layer which consists of grinding and the 
semi-conductor substrate after polish, by performing heat treatment The base material which forms an 
insulating layer in the interior of a semi-conductor substrate, and consists of some semi-conductor 
substrates under an insulating layer Moreover, the semi-conductor layer which consists of some semi- 
conductor substrates on an insulating layer SIMOX (Separation by IMplanted OXygen) obtained, 
respectively — law — by forming a single crystal half conductor layer by the gaseous phase or solid phase 
on the insulating layer formed on the semi-conductor substrate equivalent to a ** base material By 
porosity-izing the front face of a semi-conductor substrate partially, and forming an insulating layer by 
approach ** anodic oxidation which obtains the base material which consists of a semi-conductor 
substrate, an insulating layer, and the semi-conductor layer which consists of a single crystal half 
conductor layer The approach of obtaining the semi-conductor layer which consists the base material 
which consists of some semi-conductor substrates under an insulating layer of some semi-conductor 
substrates on an insulating layer again, respectively can be mentioned. Here, melting, the substrate made 
to recrystallize, a glass substrate, and a quartz substrate can be illustrated for polycrystalline silicon as a 
support substrate on a silicon semi-conductor substrate, the substrate which carried out epitaxial growth 
of the silicon on the spinel, the substrate which carried out epitaxial growth of the silicon on sapphire, and 
an insulator layer. 

[0020] As an oxidizing atmosphere in this invention, the ambient atmosphere containing desiccation oxygen 
gas and the ambient atmosphere containing a steam can be mentioned. As for the thickness of the oxide 
film formed in the side face of a silicon layer, it is desirable 2nm thru/or that they are 4nm thru/or 1 0nm 
preferably 20nm. It is preferably desirable 200-degreeC thru/or 1000-degreeG, and to be referred to as 
200-degreeC thru/or 900-degreeC much more preferably temperature to which p mold impurity passes 
gate dielectric film from a silicon layer, and does not reach even a semi-conductor layer in this process as 
temperature of the oxidizing atmosphere in this invention, and beyond the temperature that a steam does 
not specifically dew on a semi-conductor layer etc. 

[0021] the 1st or the 2nd voice of this invention — in the manufacture approach of the p channel mold 
semiconductor device applied like, desiccation oxygen gas and a steam can be mentioned as an oxidation 



kind for forming gate dielectric film in the front face of the semi-conductor layer in said process (A). 
[QD22] The approach the method of making a steam generate burns oxygen gas and hydrogen gas (pie 
RO JIE nick oxidation style). How to carry out bubbling of the heating pure water with the approach, oxygen 
gas, or inert gas which heats pure water, a catalyst (for example, nickel system catalysts, such as NiO, and 
. P€ system catalyst of Pt or Pt02 grade — ) Pd system catalysts, such as Pd and PdO. Ir system catalyst, 
Ru system catalyst of Ru or Ru02 grade. Although it can also consider as the approach to which hydrogen 
gas and a oxidizing gas are made to react based on the catalysis using Cu system catalysts, such as Ag 
system catalysts, such as Ag and Ag20. Au system catalyst and CuO, Mn system catalyst of Mn02 grade, 
and Co system catalyst of Co304 grade To hydrogen gas and oxygen gas microwave (1 GHz thru/or 
lOOGHz) How to irradiate (for example, 2.45GHz microwave) (for convenience hereafter) After calling it a 
plasma oxidation method, i.e.. carrying in a semi-conductor layer to plasma treatment equipment. To 
hydrogen gas and oxygen gas microwave (IGHz thru/or 100GHz) By irradiating (for example, 2.45GHz 
microwave), a steam is made to generate and it is desirable to consider as the approach of oxidizing a 
semi-conductor layer front face or the approach of forming an oxide film in the side face of a silicon layer 
again using this steam. In addition, the approach of forming gate dielectric film in a semi-conductor layer 
front face based on the generation method of these steams or the approach of forming an oxide film may 
be generically called a humidification oxidation style to the side face of a silicon layer again. 
[0023] In the oxygen plasma generated by microwave discharge, by electronic collision, a ground state 02 
(XSsigmag-) is excited by an excitation state 02 (A3sigmau+) or 02 (B3sigmau-). and is dissociated in an 
oxygen atom like the following formulas, respectively. 
[0024] 

02(X3sigmag-)+ e -> 02(A3sigmau+)+ e Formula (1-1) 
02(A3sigmau+)+ e -> 0(3P) +0(3P)+ e Formula (1-2) 
02(X3sigmag-)+ e -> 02(B3sigmau-)+ e Formula (1-3) 
02(B3sigmau-)+ e -> 0(3P) +0(1 D)+ e Formula (1-4) 

[0025] Therefore, an excitation oxygen molecule and an oxygen atom exist in the oxygen plasma, and these 
serve as a reaction kind. If hydrogen H2 is introduced here, the following plasma will generate. 
[0026] H2 + e -> 2H Formula (2) 

[0027] And the oxygen plasma generated by the formula (1-2) among oxygen plasma and the hydrogen 
plasma generated by the formula (2) react, and a steam generates. And the front face of the heated semi- 
conductor layer or the side face of the silicon layer which constitutes a layered product and a gate 
electrode oxidizes a oxidizing gas transparency layer with the steam of a through lever, and an oxide film is 
formed in that front face. In addition, in this invention, a part of steam generated by irradiating microwave 
(1GHz thru/or 100GHz) (for example, 2.45GHz microwave) at oxygen gas and hydrogen gas is the plasma 
state. 
[0028] 

2H + O (3P) -> H20 Formula (3) 

[0029] the 1st or the 2nd voice of this invention — if it is in the manufacture approach of the p channel 
mold semiconductor device applied like, the nitriding treatment process of gate dielectric film can be 
included in the process which forms gate dielectric film in the front face of a semi-conductor layer at a 
process (A). As for this nitriding treatment process, it is desirable to change from the process (for it to be 
called plasma nitriding treatment for convenience) which nitrides the front face of gate dielectric film with 
the nitrogen content child, the nitrogen content child ion, nitrogen atom, or nitrogen atom ion of the 
excitation state generated by irradiating an electromagnetic wave to nitrogen system gas. It can consider 
as the nitrogen system gas which should irradiate an electromagnetic wave, and the gas which is the 
compound of an others, NO, N20, and N02 grade, a nitrogen atom, and an oxygen atom can be illustrated. 
[ nitrogen gas / (N2 gas) ] That is, nitrogen system gas can be made into at least one kind of gas chosen 
from the group which consists of N2, NO, N20, and N02. Nitrogen system gas may be gas which mixed at 
least two kinds of these gas. It is desirable to heat-treat, after performing nitriding treatment on the 
surface of gate dielectric film, when aiming at relaxation of the damage produced in gate dielectric film. It is 
desirable to perform heat-treatment in inert gas ambient atmospheres, such as nitrogen gas, and it can 
illustrate 10 seconds thru/or 1 hour as 800-degreeC thru/or 1 200-degreeC, and the heating processing 
time as heat-treatment temperature. 

[0030] When using nitrogen (N2) gas as nitrogen system gas, nitrogen (N2) is excited like the following 



formulas in the plasma by microwave. That is. the nitrogen content child and nitrogen content child ion 
wbich the electron which exists in the plasma was excited and were excited by the inelastic collision of this 
and a nitrogen content child are generated. Association (when the atom which mainly constitutes for 
example, a semi-conductor layer is Si. it is Si-0 association) with the atom and oxygen atom with which 
thbse nitrogen content children and nitrogen content child ion that were excited mainly constitute the 
semi-conductor layer of the front face of gate dielectric film is cut, a nitriding oxide (for example. Si-O-N 
association) is formed, and the front face of gate dielectric film is nitrided. The presentation of the front 
face of gate dielectric film is expressed with SiOXNY when the atom which mainly constitutes a semi- 
conductor layer is Si. 
[0031] 

N2(X1 sigmag)+ e -> N2(A3sigmau+)+ e Formula (4-1) 
N2(N1sigmag)+ e -> N2 (C3piu)+ e Formula (4-2) 
N2(C3piu)+ e -> N2 (B3pig)+ hnu Formula (4-3) 
N2(B3pig)+ e -> N2(A3sigmau+)+ hnu Formula (4-4) 

[0032] Thus, the front face of gate dielectric film can be nitrided by performing plasma nitriding treatment. 
And since nitriding treatment which there is no need of performing nitriding treatment at high temperature 
like heat nitriding. for example, nitrides the front face of gate dielectric film in ordinary temperature can be 
performed There is no bad influence to semiconductor device properties, such as a fall of the current drive 
capacity by nitrogen invading, the problem in installation, i.e., the silicon semi-conductor substrate, to the 
inside of the gate dielectric film of the nitrogen atom by heat nitriding. Furthermore, the boron atom 
contained in a silicon layer can pass gate dielectric film, and can reach even a semi-conductor layer, and 
the phenomenon of changing the threshold voltage of a p channel mold semiconductor device can be 
avoided much more certainly by performing nitriding treatment. 

[0033] In addition, microwave (1GHz thru/or 100GHz) (for example, 2.45GHz microwave) can be used as an 
electromagnetic wave. A semi-conductor layer, a layered product, or a gate electrode may be exposed into 
the ambient atmosphere which diluted a steam and hydrogen gas with inert gas, such as nitrogen, an argon, 
helium, neon, a krypton, and a xenon. Moreover, it can consider as the gas which should irradiate an 
electromagnetic wave, and NO and N20 can also be used instead of oxygen gas. 

[0034] When manufacturing a semiconductor device based on a silicon semi-conductor substrate, before 
forming gate dielectric film conventionally, RCA washing that 20NH4 0H/H2 water solution washes, and 
20HC1/H2 water solution washes further washes the front face of a silicon semi-conductor substrate, and 
a particle metallurgy group impurity is removed from the front face. By the way, if RCA washing is 
performed, the front face of a silicon semi-conductor substrate will react with a penetrant remover, and an 
oxidation silicone film with a thickness of about 0.5-1 nm will be formed. The thickness of this oxidation 
silicone film is uneven, and, moreover, a penetrant remover component remains in this oxidation silicone 
film. Then, a silicon semi-conductor substrate is immersed in a hydrofluoric-acid water solution, this 
oxidation silicone film is removed, and pure water removes a drug solution component further. The front 
face of a silicon semi-conductor substrate where termination of most was carried out from hydrogen by 
this, and termination of the pole part was carried out with the fluorine can be obtained. In addition, on 
these specifications, if the front face of a silicon semi-conductor substrate is exposed, it will express 
obtaining the front face of a silicon semi— conductor substrate where termination of most was carried out 
by such process from hydrogen, and termination of the pole part was carried out with the fluorine. Then, 
gate dielectric film is formed in the front face of this silicon semi-conductor substrate. 
[0035] By the way, if the ambient atmosphere before forming gate dielectric film based on a humidification 
oxidation style is made into a hot nitrogen-gas-atmosphere mind, a dry area (irregularity) may arise on the 
front face of a silicon semi-conductor substrate. A part of Si-F association is lost by the temperature 
programmed desorption of hydrogen or a fluorine, and such a phenomenon is considered to originate in a 
part of Si-H association formed in the front face of a silicon semi-conductor substrate of washing with a 
hydrofluoric-acid water solution and pure water, or an etching phenomenon arising on the front face of a 
silicon semi-conductor substrate again. For example, it is indicated by the Baifukan issue, Tadahiro Omi 
work "an ultra clean ULSI technique", and the 21st page that intense irregularity will arise on the front 
face of a silicon semi-conductor substrate if the temperature up of the silicon semi-conductor substrate is 
carried out in argon gas more than 600-degreeC. 

[0036] If it is in the manufacture approach of the p channel mold semiconductor device concerning the 1st 



or the 2nd mode of this invention By starting formation of gate dielectric film on the front face of a semi- 
conductor layer with a humidification oxidation style, where a semi-conductor layer is held to the 
temperature from which the atom which mainly constitutes a semi-conductor layer from a front face of a 
semi-conductor layer is not desorbed in a process (A) It is possible to avoid generating of the phenomenon 
in which a dry area (irregularity) occurs on the front face of such a semi-conductor layer. In addition, as for 
the temperature from which the atom which mainly constitutes a semi-conductor layer from a front face of 
a semi-conductor layer is not desorbed. it is desirable that it is the temperature from which association 
with the atom which is carrying out termination of the semi-conductor layer front face, and the atom which 
mainly constitutes a semi-conductor layer is not cut. When the atom which mainly constitutes a semi- 
conductor layer is Si. a semi-conductor layer A silicon semi-conductor substrate. A single-crystal-silicon 
layer, a polish recon layer, or an amorphous silicon layer. When it consists of SOI layers, it is desirable to 
make temperature from which the atom which mainly constitutes a semi-conductor layer from a front face 
of a semi-conductor layer is not desorbed into the temperature from which Si-H association of a semi- 
conductor layer front face is not cut. or the temperature from which Si-F association of a semi-conductor 
layer front face is not cut again. When field bearing uses the silicon semi-conductor substrate of (100) as a 
semi-conductor layer, most hydrogen atoms in the front face of a silicon semi-conductor substrate have 
combined with every one each of two joint hands of a silicon atom, and it has the termination structure of 
•^^Si-H. it is alike and the termination structure in the condition that the hydrogen atom combined only 
with one joint hand of a silicon atom, or the termination structure in the condition that three joint hands of 
a silicon atom were alike, respectively, and the hydrogen atom joined together exists in the appropriate part 
(for example, step formation part) by which the surface state of a silicon semi-conductor substrate 
collapsed. In addition, the remaining joint hand of a silicon atom is usually combined with the silicon atom 
inside a crystal. The termination structures in the condition that the hydrogen atom combined with each of 
two joint hands of a silicon atom, the termination structures in the condition that the hydrogen atom 
combined only with one joint hand of a silicon atom, or all the termination structures in the condition that 
the hydrogen atom combined with each of three joint hands of a silicon atom are included by the 
expression "Si-H association" in this specification. More specifically, it is preferably desirable [ the 
temperature when starting formation of gate dielectric film on the front face of a semi-conductor layer ] 
from the field of a throughput to carry out to more than 300-degreeC more preferably more than 200- 
degreeC beyond the temperature that a steam does not dew on a semi-conductor layer. 
[0037] In addition, in a process (A), temperature of a semi-conductor layer when formation of gate 
dielectric film is completed with a humidification oxidation style may be made higher than the temperature 
of the semi-conductor layer at the time of starting formation of gate dielectric film. In this case, the 
temperature of a semi-conductor layer when formation of gate dielectric film is completed is not 600 
thru/ or 1 200-degreeC. and the thing to limit to such a value, although it is preferably desirable 700 thru/or 
1000-degreeC. and that they are 750 thru/or 900-degreeC still more preferably, in addition — being stair- 
like (the shape of a step) — a temperature up may be carried out or a temperature up may be carried out 
continuously again. 

[0038] When performing a temperature up in the shape of a stairway, after starting formation of gate 
dielectric film with a humidification oxidation style on the front face of a semi-conductor layer at the 
temperature from which the atom which mainly constitutes a semi-conductor layer from a front face of a 
semi-conductor layer is not desorbed. A predetermined period and the 1st gate-dielectric-film formation 
process which holds a semi-conductor layer to the temperature requirement from which the atom which 
mainly constitutes a semi-conductor layer from a front face of a semi-conductor layer is not desorbed. 
and forms gate dielectric film in it. It is desirable that the 2nd gate-dielectric-film formation process which 
forms gate dielectric film further is included until it becomes desired thickness with a humidification 
oxidation style at temperature higher than the temperature requirement from which the atom which mainly 
constitutes a semi-conductor layer from a front face of a semi-conductor layer is not desorbed. the 
formation temperature of the gate dielectric film in the 2nd gate-dielectric-film formation process ~ 600 
thru/or 1200-degreeC ~ it is preferably desirable 700 thru/or 1000-degreeC, and that they are 750 
thru/or 900-degreeC still more preferably, in addition ~ as the upper limit of the retention temperature 
range of the semi-conductor layer in the 1st gate-dielectric-film formation process ~ 500-degreeC — 
desirable ~ 450-degreeC ~ 400-degreeC can be mentioned more preferably. Thickness of final gate 
dielectric film after passing through the 2nd gate-dielectric-film formation process should just be taken as 



the predetermined thickness required of a semiconductor device. The thing thin as much as possible of the 
thickness of gate dielectric film after passing through the 1st gate-dielectric-film formation process on the 
other hand is desirable. However, field bearings of current and the silicon semi-conductor substrate used 
for manufacture of a semiconductor device are almost all cases (100), and however it may graduate the 
front face of a silicon semi-conductor substrate (100). the level difference surely called a step on the 

- surface of silicon will be formed. Although this step is usually a part for one layer of silicon atoms, 
depending on the case, the level difference for 2-3 layers may be formed Therefore, although it is 

- desirable to be referred to as 1 nm or more as for the thickness of gate dielectric film after passing through 
the 1 st gate-dielectric-film formation process when using a silicon semi-conductor substrate as a semi- 
conductor layer (100). it is not limited to this. 

[0039] You may also include a temperature up process between the 1 st gate-dielectric-film formation 
process and the 2nd gate-dielectric-film formation process. In this case, it is desirable to make the 
ambient atmosphere in a temperature up process into an inert gas ambient atmosphere or a reduced 
pressure ambient atmosphere, or to consider as the oxidizing atmosphere which contains a steam again. 
Here, nitrogen gas. argon gas. and gaseous helium can be illustrated as inert gas. In addition, the halogen 
may contain in the gas containing the inert gas or the steam in the ambient atmosphere in a temperature 
up process. By this, much more improvement in the property of the gate dielectric film formed with the 1 st 
gate-dielectric-film formation process can be aimed at. That is. when the atom which mainly constitutes a 
semi-conductor layer is Si, as a result of the silicon dangling bond (Si-) and SiOH which are the defect 
which may be produced in the 1st gate-dielectric-film formation process reacting with a halogen in a 
temperature up process, and a silicon dangling bond's carrying out termination or producing dehydration, 
these defects that are dependability degradation factors are eliminated. Especially, exclusion of these 
defects is effective to the early gate dielectric film (oxidation silicone film) formed, in the 1st gate- 
dielectric-film formation process. As a halogen, although chlorine, a bromine, and a fluorine can be 
mentioned, it is desirable that it is chlorine especially. As a gestalt of the halogen contained in the gas 
containing inert gas or a steam, a hydrogen chloride (HCI). CCI4, C2HCI3, and CI2. HBr and NF3 can be 
mentioned, for example, the content of the halogen in the gas containing inert gas or a steam — criteria 
[ gestalt / of a molecule or a compound ] — carrying out — 0.001 to 10 capacity % — desirable — 0.005 
to 10 capacity % — it is 0.02 to 10 capacity % still more preferably. For example, when using hydrogen 
chloride gas. as for the hydrogen chloride gas content in the gas containing inert gas or a steam, it is 
desirable that it is 0.02 to 10 capacity %. In addition, it can also consider as the ambient atmosphere 
containing the steam diluted with inert gas in the ambient atmosphere in a temperature up process. 
[0040] The oxidizing atmosphere containing the steam under formation of gate dielectric film may be made 
to contain a halogen in the manufacture approach of the p channel mold semiconductor device concerning 
the 1st or the 2nd mode of this invention. By this, gate dielectric film excellent in the time zero dielectric- 
breakdown (TZDB) property and the dielectric-breakdown (TDDB) property with the passage of time can 
be obtained. In addition, as a halogen, although chlorine, a bromine, and a fluorine can be mentioned, it is 
desirable that it is chlorine especially. As a gestalt of the halogen contained in the gas containing a steam, 
a hydrogen chloride (HCI). CCI4. C2HCi3, and CI2. HBr and NFS can be mentioned, for example, the content 
of the halogen in the gas containing a steam — criteria [ gestalt / of a molecule or a compound ] — 
carrying out — 0.001 to 10 capacity % — desirable — 0.005 to 10 capacity % — it is 0.02 to 10 capacity % 
still more preferably. For example, when using hydrogen chloride gas. as for the hydrogen chloride gas 
content in the gas containing a steam, it is desirable that it is 0.02 to 10 capacity %. 

[0041] In order to raise the property of the formed gate dielectric film further, in the manufacture approach 
of the p channel mold semiconductor device concerning the 1 st or the 2nd mode of this invention, you may 
heat-treat to the formed gate dielectric film after formation of gate dielectric film. 

[0042] In this case, it is desirable to make the ambient atmosphere of heat treatment into the inert gas 
ambient atmosphere containing a halogen. By heat-treating gate dielectric film in the inert gas ambient 
atmosphere containing a halogen, gate dielectric film excellent in the time zero dielectric-breakdown 
(TZDB) property and the dielectric-breakdown (TDDB) property with the passage of time can be obtained. 
As inert gas in heat treatment, nitrogen gas, argon gas, and gaseous helium can be illustrated. Moreover, as 
a halogen, although chlorine, a bromine, and a fluorine can be mentioned, it is desirable that it is chlorine 
especially. As a gestalt of the halogen contained in inert gas, a hydrogen chloride (HCI), CCI4, C2HCI3. and 
CI2. HBr and NF3 can be mentioned, for example, the content of the halogen in inert gas — criteria 



[ gestalt / of a molecule or a compound ] — carrying out — 0.001 to 10 capacity % — desirable — 0.005 
- to 10 capacity % — it is 0.02 to 10 capacity % still more preferably. For example, when using hydrogen 
chloride gas, as for the hydrogen chloride gas content in inert gas, it is desirable that it is 0.02 to 10 

capacity %. ^ j • u 

[0043] In addition, formation and heat treatment of gate dielectric film can be performed in the same 
processing interior of a room, the temperature of heat treatment — 700-1 200-degreeC — desirable — 
700-1 000-degreeC — it is 700-950-degreeC still more preferably. Moreover, it is desirable to consider as 
1-10 minutes, when carrying out by sheet processing, and when carrying out in a batch type, it is 
preferably desirable [ the time amount of heat treatment ] for 10 to 40 minutes to consider as 20 - 30 
minutes still more preferably for 5 to 60 minutes. 

[0044] When heat-treating, it is desirable to make ambient temperature at the time of heat-treating to the 
formed gate dielectric film higher than temperature when formation of gate dielectric film is completed. In 
this case, a temperature up may be carried out to the ambient temperature for performing heat treatment, 
after formation of gate dielectric film is completed and changing the ambient atmosphere of the processing 
interior of a room to an inert gas ambient atmosphere, and after changing to the inert gas ambient 
atmosphere which contains a halogen for an ambient atmosphere, a temperature up may be carried out to 
the ambient temperature for performing heat treatment. Here, nitrogen gas. argon gas, and gaseous helium 
can be illustrated as inert gas. As a halogen, although chlorine, a bromine, and a fluorine can be mentioned, 
it is desirable that it is chlorine especially. Moreover, as a gestalt of the halogen contained in inert gas, a 
hydrogen chloride (HCI). CCI4. C2HCI3, and CI2, HBr and NF3 can be mentioned, for example, the content 
of the halogen in inert gas — criteria [ gestalt / of a molecule or a compound ] — carrying out — 0.001 to 
10 capacity % — desirable -- 0.005 to 10 capacity % — it is 0.02 to 10 capacity % still more preferably. For 
example, when using hydrogen chloride gas. as for the hydrogen chloride gas content in inert gas. it is 
desirable that it is 0.02 to 10 capacity %. 

[0045] Usually, before forming gate dielectric film in the front face of a silicon semi-conductor substrate, 
after RCA washing that 20NH4 OH/H2 water solution washes, and 20HCI/H2 water solution washes 
further washing the front face of a silicon semi-conductor substrate and removing a particle metallurgy 
group impurity from the front face, the silicon semi-conductor substrate by the hydrofluoric-acid water 
solution and pure water is washed. However, if a silicon semi-conductor substrate is put to atniospheric air 
after that, the front face of a silicon semi-conductor substrate will be polluted. There is a possibility that 
moisture and the organic substance may adhere to the front face of a silicon semi-conductor substrate, or 
Si atom of a silicon semi-conductor substrate front face may combine with a hydroxyl group (OH) again. 
(For example) Reference "Highly-reliable Gate Oxide Formation for Giga-Scale LSIs by using Closed Wet 
Cleaning System and Wet Oxidation with Ultra-Dry Unloading", and J.Yugami, et al.. International Electron 
Device MeetingTechnical Digest 95 and pp 855-858 Reference. In such a case, if formation of gate 
dielectric film is started in the condition as it is, it can become the cause of generating of moisture, or the 
organic substance, the property fall of the gate dielectric film which Si-OH was incorporated again and 
formed or a defective part into the formed gate dielectric film. In addition, a defective part means the part 
of the gate dielectric film with which a silicon dangling bond (Si-) and the defect of Si-H association are 
included, or the part of the gate dielectric film with which Si-O-Si association of differing from the include 
angle of Si-O-Si association in the oxidation silicone film of bulk or Si-O-Si association is compressed by 
stress or the include angle of Si-O-Si association is thick again was included. So. in order to avoid 
generating of such a problem, it sets to the manufacture approach of the p channel mold semiconductor 
device concerning the 1st or the 2nd mode of this invention. Including the process which washes a semi- 
conductor layer front face before formation of gate dielectric film, without putting the semi-conductor 
layer after surface washing to atmospheric air (~ namely, the ambient atmosphere from washing of for 
example, a semi-conductor layer front face to initiation of a gate-dielectric-film formation process — an 
inert gas ambient atmosphere or a vacuum ambient atmosphere ~ carrying out ~) — it is desirable to 
perform formation of gate dielectric film. By this, when using a silicon semi-conductor substrate as for 
example, a semi-conductor layer, termination of most is carried out from hydrogen, gate dielectric film can 
be formed in the front face of the silicon semi-conductor substrate which has the front face where 
termination of the pole part was carried out with the fluorine, and the property fall of the formed gate 
dielectric film or generating of a defective part can be prevented. 

[0046] In order to prevent that a detonating gas reaction arises when hydrogen gas flows into the 



processing interior of a room and flows out out of a system in this case although hydrogen gas and oxygen 
- gas are introduced into the processing interior of a room of plasma treatment equipment when adopting a 
plasma oxidation method in formation of gate dielectric film, before introducing hydrogen gas into the 
processing interior of a room, it is desirable to introduce oxygen gas. it is alike and there is an appropriate 
possibility that an oxide film may be formed in a semi-conductor layer of the installation to the processing 
Interior of a room of oxygen gas. Such an oxide film is dry oxidation film, and the property is inferior to the 
oxide film formed by the humidification oxidation style in it. What is necessary is to introduce first into the 
processing interior of a room the hydrogen gas diluted with inert gas, such as nitrogen gas, and just to 
introduce oxygen gas subsequently to the processing interior of a room before formation initiation of gate 
dielectric film, in order to prevent formation of such dry oxidation film certainly, however, in this case, in 
order to prevent generating of a detonating gas reaction certainly, on concentration and a concrete target 
with which hydrogen gas does not burn with oxygen gas, the concentration of hydrogen gas Below the 
range of detonation (below 18.3 capacity % when expressed with capacity % with air) in the inside of air It is 
below the range of inflammability (when expressed with capacity % with air) in the inside of air preferably. It 
is desirable to consider as concentration which becomes preferably below the range of inflammability 
(below 4.5 capacity % when expressed with capacity % with oxygen) in the inside of oxygen below 4.0 
capacity % again below the range of detonation (below 1 5.0 capacity % when expressed with capacity % with 
oxygen) in the inside of oxygen. 

[0047] It is in the condition which covered the top face and side face of a metal layer with the oxidation- 
resistant layer in this invention. Each of the top face of a metal layer, and a side face again in or the 
condition of having covered with an oxidation-resistant layer and the oxidation-resistant film It can prevent 
that a metal layer oxidizes, aiming at improvement in the property of a semiconductor device, or 
dependability, since an oxide film is formed in the side face of a silicon layer through the oxidizing gas 
transparency layer left behind to the side face of a silicon layer (i.e., since post-oxidation treatment is 
performed). And there is no need of heat-treating in H2 carrier gas which contains H20 10 ppm - 10% 
unlike a Prior art, and the boron atom which is p mold impurity usually used can pass gate dielectric film 
from a gate electrode, can reach even a silicon semi-conductor substrate easily, and can prevent certainly 
generating of the phenomenon of fluctuating the threshold voltage of a p channel mold semiconductor 
device. 
[0048] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, this invention is explained based on 
the gestalt (it is hereafter called the gestalt of operation for short) of implementation of invention. 
[0049] (Gestalt 1 of operation) the gestalt 1 of operation — the 1 st voice of this invention — it is related 
with the manufacture approach of the semiconductor device applied like, and the manufacture approach of 
a p channel mold semiconductor device. 

[0050] The conceptual diagram of the plasma treatment equipment of a sheet method suitable for 
operation of this invention is shown in drawing 1 . This plasma treatment equipment consists of gas 
induction 16A, 16B, and 160 arranged by the processing room 10, the stage 1 1 in which a semi-conductor 
layer (it sets in the gestalt 1 of operation and is the silicon semi-conductor substrate 20) is laid, the 
magnet 13 arranged in the exterior of the processing room 10. the microwave waveguide 14 attached in the 
crowning of the processing room 10, and the crowning of the processing room 10. The processing room 10 
consists of plasma production field lOA and plasma treatment field 108, and the stage 1 1 is allotted to 
plasma treatment field 108. Moreover, the lamp which is the heating means 12 for heating the silicon semi- 
conductor substrate 20 is dedicated in the stage 1 1 . A magnetron 1 5 is attached in a microwave waveguide 
14, microwave (IGHz thru/or 100GHz) (for example, 2.45GHz microwave) is made to generate by the 
magnetron 15, and this microwave is introduced into plasma production field lOA of the processing room 10 
through a microwave waveguide 14. Furthermore, hydrogen gas, oxygen gas, and nitrogen gas are 
introduced in the processing room 10 from each of the gas induction 16A, 168, and 16C. Moreover, inert 
gas (for example, nitrogen gas) is introduced in the processing room 10 from the gas induction 17 arranged 
in the side face of the processing room 10. Various kinds of gas introduced in the processing room 10 is 
exhausted out of a system from the flueing section 1 8 prepared in the lower part of the processing room 
10. The heater 19 for controlling the temperature inside the processing room 10 so that the processing 
room 10 interior does not dew is arranged in the exterior of the processing room 10. 

[0051] A steam is made to generate in plasma production field 10A by irradiating microwave (1GHz thru/or 



100GHz) (for example, 2.45GHz microwave) at oxygen gas and hydrogen gas. Some steams are in the 
plasma state. In plasma treatment field 10B, the front face of a semi-conductor layer is exposed to this 
steam and hydrogen gas, and gate dielectric film is formed in them, or the side face of the silicon layer 
which constitutes a layered product and a gate electrode again is put to them through a oxidizing gas 
transparency layer, and an oxide film is formed in the side face of a silicon layer. 

[0052] In addition, when adopting a plasma oxidation method and forming gate dielectric film in the front 
face of a semi-conductor layer, a steam is made to generate in plasma production field 1 0A by irradiating 
microwave (1GHz thru/or 100GHz) (for example, 2.45GHz microwave) at hydrogen gas and oxygen gas. 
Moreover, in plasma treatment field 1 0B, the front face of a semi-conductor layer is oxidized using this 
steam, or the side face of a silicon layer is oxidized again. 

[0053] Furthermore, when performing plasma nitriding treatment, the nitrogen content child, the nitrogen 
content child ion, nitrogen atom, or nitrogen atom ion of an excitation state is made to generate in plasma 
production field 10A by irradiating microwave (1GHz thru/or 100GHz) (for example, 2.45GHz microwave) at 
nitrogen system gas. Moreover, in plasma treatment field 108, the front face of the gate dielectric film 
formed in the front face of a semi-conductor layer is nitrided. 

[0054] In the gestalt 1 of operation, a silicon semi-conductor substrate is used as a semi-conductor layer. 
Moreover, the plasma oxidation method was adopted in the gestalt 1 of operation. The manufacture 
approach of the semiconductor device concerning the 1st mode of this invention using the plasma 
treatment equipment shown in drawing 1 and the manufacture approach of a p channel mold semiconductor 
device are hereafter explained with reference to typical drawing 2 of silicon semi-conductor substrate 20 
grade which is a sectional view a part - drawing 6 . 

[0055] [a process -100] — the component isolation region 21 which has LOCOS structure by the well- 
known approach first in the silicon semi-conductor substrate 20 which is n mold silicon wafer (it produces 
in a CZ process) with a diameter of 8 inches which doped Lynn — forming — subsequently — a well — an 
ion implantation, a channel stop ion implantation, and a threshold adjustment ion implantation are 
performed. In addition, the component isolation region may have trench structure and may be the 
combination of LOCOS structure and trench structure. Then, RCA washing removes the particle metallurgy 
group impurity of the front face of the silicon semi-conductor substrate 20, subsequently, surface washing 
of the silicon semi-conductor substrate 20 by 0.1% hydrofluoric-acid water solution and pure water is 
performed, and the front face of the silicon semi-conductor substrate 20 is exposed (refer to (A) of 
drawing 2 ). In addition, most is carrying out termination of the front face of the silicon semi-conductor 
substrate 20 from hydrogen, and termination of the pole part is carried out with the fluorine. 
[0056] After carrying in [a process -1 10], next the silicon semi-conductor substrate 20 from the door 
which is not illustrated to the plasma treatment equipment shown in drawing 1 and laying them in a stage 
1 1, inert gas (for example, nitrogen gas) is introduced in the processing room 10 from the gas induction 17. 
And the silicon semi-conductor substrate 20 is heated to 800-degreeC with the heating means 12. 
[0057] And gate dielectric film 22 is formed in the front face of the silicon semi-conductor substrate 20 
which is a semi-conductor layer. That is, installation into the processing room 10 of the inert gas (for 
example, nitrogen gas) as gas for dilution is interrupted, and hydrogen gas and oxygen gas are introduced in 
the processing room 10 from gas induction 16A and gas induction 168. It combines, microwave power is 
supplied to a magnetron 15, and the microwave (1GHz thru/or 100GHz) (for example. 2.45GHz microwave) 
generated by the magnetron 15 is introduced into plasma production field 10A of the processing room 10 
through a microwave waveguide 14. This, i.e., by irradiating an electromagnetic wave at hydrogen gas and 
oxygen gas, the reaction of an above-mentioned formula (1-1) - (1-4) a reaction and a formula (2), and a 
formula (3) arises, and a steam generates. The generated steam reaches plasma treatment field 10B 
located down the processing room 10, and the front face of the semi-conductor layer (specifically silicon 
semi-conductor substrate 20) heated by the heating means 12 oxidizes. In this way, gate dielectric film 22 
with a thickness of 2nm can be formed in the front face of a semi-conductor layer (refer to (B) of drawing 
2 ). The formation conditions of gate dielectric film 22 are illustrated to the following table 1. 
[0058] [Table 1] 

Microwave power : IkW microwave frequency: 2.45GHz oxygen gas fiow rate : 10SLM hydrogen quantity of 
gas flow : 0.2SLM substrate temperature : 800-degreeC [0059] After that [ [process -120] ], on a semi- 
conductor layer, after carrying out sequential formation of silicon layer 23A and metal layer 23C, patterning 
of the metal layer 23C and silicon layer 23A is carried out. and the layered product which silicon layer 23A 



exposed on the side face is formed. Or silicon layer 23A containing p mold impurity and metal layer 23C 
form the gate electrode 23 which a laminating is carried out and changes on gate dielectric film 22 again. 
Stopping installation of the hydrogen gas to supply of the microwave power to a magnetron 1 5. and the 
processing room 10, and oxygen gas, and specifically introducing inert gas into the processing room 10 
from the gas induction 17, if formation of gate dielectric film 22 is completed, the silicon semi-conductor 
"substrate 20 is cooled to a room temperature, and the silicon semi-conductor substrate 20 is taken out 
from plasma treatment equipment after that. And with a thickness [ containing p mold impurity (for 
"example, boron) ] of about lOOnm silicon layer 23A (it sets in the gestalt 1 of operation and is a polish 
recon layer) is produced on the whole surface with a CVD method. Subsequently, after forming in a spatter 
metal layer 23C which consists of reaction prevention layer 23B which consists of WN with a thickness of 
about 5nm. and a tungsten (W) with a thickness of about 1 0Onm one by one. based on a lithography 
technique and a dry etching technique, patterning of metal layer 23C and reaction prevention layer 23B and 
the silicon layer 23A is carried out. In this way, the laminating of silicon layer 23A and metal layer 23C is 
carried out, and the gate electrode 23 shown in (C) of drawing 2 or the layered product which silicon layer 
23A exposed to the side face can be obtained again. 

[0060] [A process -130], next p mold impurity (for example, boron and BF2) are injected into a semi- 
conductor layer (specifically silicon semi-conductor substrate 20) with ion-implantation, and the low- 
concentration impurity range 24 is formed (refer to (A) of drawing 3 ). Depending on the case, an extension 
field may be formed instead of the low-concentration impurity range 24. Then. RTA (Rapid THermal 
Annealing) processing for activating introduced p mold impurity is performed. 

[0061] The oxidizing gas transparency layer 25 is formed on the silicon semi-conductor substrate 20 which 
is a semi-conductor layer so that the side face of silicon layer 23A may be covered and metal layer 23C 
may project after that [ [process -140] ]. the high density plasma CVD (HDP-CVD) which specifically 
illustrates the oxidizing gas transparency layer 25 which consists of silicon oxide (Si02) on the whole 
surface in the following table 2 — it forms in law (refer to (B) of drawin g 3 ). In addition, the formation 
approach is not limited to a HDP-CVD method. Thickness of the oxidizing gas transparency layer 25 on the 
silicon semi-conductor substrate 20 which is separated from the gate electrode 23 is made in general 
equal to the height from the silicon semi-conductor substrate 20 of the top face (interface of silicon layer 
23A and reaction prevention layer 23B) of silicon layer 23A which constitutes the gate electrode 23. And 
the resist layer 26 is formed (refer to (C) of drawing 3 ). and after removing the oxidizing quality gas 
transparency layer 25 which is not covered in the resist layer 26 by the dry etching method, the resist 
layer 26 is removed, so that the upper oxidizing gas transparency layer 25 of the gate electrode 23 may be 
exposed and the oxidizing quality gas transparency layer 25 on the silicon semi-conductor substrate 20 
may be covered (refer to (A) of drawing 4 ). The thickness of the oxidizing gas transparency layer 25 on 
the silicon semi-conductor substrate 20 which is separated from the gate electrode 23, abbreviation, etc. 
spread and carry out thickness of the part of the oxidizing gas transparency layer 25 after being removed 

by the dry etching method. 

[0062] 
[Table 2] 

Gas used : SiH4/02/Ar=1 50/250/1 25sccm pressure : 0.6PaRF power : 1.3kW of upper parts, 3.1 kW bias 
power of lower. 3.1 kW substrate temperature : 350-degreeC [0063] The top face and side face of metal 
layer 23C which were projected from the [process -150], next the oxidizing gas transparency layer 25 are 
covered with the oxidation-resistant layer 27. The oxidation-resistant layer 27 which specifically consists 
of silicon nitride (SiN) on the conditions illustrated to the following table 3 using the CVD system of an 
parallel monotonous mold is formed in the whole surface (refer to (B) of drawing 4 ). 
[0064] 
[Table 3] 

Gas used : SiH4/NH3/N2=290/100/4000sccm pressure : 565PaRF power : Whenever [ 690 W set board 
temperature ] : 400-degreeC [0065] After that [ [process -160] ], the oxidizing gas transparency layer 25 
on the silicon semi-conductor substrate 20 which is a semi-conductor layer is removed alternatively, and it 
leaves the oxidizing gas transparency layer 25 to the side face of silicon layer 23A. After specifically 
forming the resist layer 28 so that the lobe of the upper oxidation-resistant layer 27 of the gate electrode 
23 may be covered (refer to (C) of drawing 4 ), and etching the oxidation-resistant layer 27 and the 
oxidizing quality gas transparency layer 25, using this resist layer 28 as a mask for etching, the resist layer 



28 is removed (refer to (A) of drawing 5 ). It etches so that the oxidizing quality gas transparency layer 25 
of about 1 0nm of thickness numbers may remain in the side face of silicon layer 23A. 
[0066] OxideHilm 23D is formed in the side face of silicon layer 23A heat-treating in [a process -170], 
next an oxidizing atmosphere, i.e., by performing post-oxidation treatment, (refer to (B) of drawing 5 ). After 
carrying in the silicon semi-conductor substrate 20 from the door which is not illustrated to the plasma 
treatment equipment shown in drawing 1 and specifically laying it in a stage 1 1 , inert gas (for example, 
nitrogen gas) is introduced in the processing room 10 from the gas induction 17. And heat treatment based 
on the conditions illustrated to the following table 4 is performed. In addition, an oxidizing atmosphere may 
be an ambient atmosphere containing desiccation oxygen gas. Moreover, the generation method of a steam 
is not limited to a plasma oxidation method. A steam passes the oxidizing gas transparency layer 25, and 
oxidizes the side face of silicon layer 23A, and oxide-film 23D is formed in the side face of silicon layer 
23A. In addition, although the oxidation silicone film was formed also in the fi'ont face of the silicon semi- 
conductor substrate 20, illustration of this oxidation silicone film was omitted Since metal layer 23C does 
not oxidize since the top face and side face of metal layer 23C are covered with the oxidation-resistant 
layer, therefore it is not necessary to include hydrogen gas in the ambient atmosphere of hot post- 
oxidation, the enhanced diffusion by hydrogen arises, a boron atom passes gate dielectric film from a gate 
electrode still more easily, and the phenomenon of reaching even a silicon semi-conductor substrate does 
not occur. 
[0067] [Table 4] 

Microwave power : lOkW microwave frequency: 2.45GHz oxygen gas flow rate : 10SLM hydrogen quantity of 
gas flow : 0.2SLM substrate temperature : 800-degreeC [0068] The sidewall 29 which consists of the 
oxidation-resistant layer 27 and the oxidizing gas transparency layer 25 is formed by etching the oxidation- 
resistant layer 27 of the side face of the gate electrode 23, and the oxidizing quality gas transparency layer 
25 after that [ [process -1 80] ] based on the RIE method (refer to (C) of drawing 5 ). Subsequently, after 
injecting p mold impurity (for example, boron and BF2) into a semi-conductor layer (specifically silicon 
semi-conductor substrate 20) with ion-implantation and forming the source / drain field 30 (refer to (A) of 
drawing 6 ), RTA processing for activating introduced p mold impurity is performed. The field of the pinched 
silicon semi-conductor substrate 20 is equivalent to the channel formation field 31. Then, the layer 
insulation layer 32 is produced with a CVD method on the whole surface, opening is prepared in the upper 
layer insulation layer 32 of the source / drain field 30, a wiring material layer is formed in a spatter on the 
layer insulation layer 32 containing these opening circles, by carrying out patterning of the wiring material 
layer, wiring 33 can be formed and the typical p channel mold semiconductor device in which a sectional 
view is shown in part can be obtained to (B) of drawing 6 . In addition, the contact plug which changes from 
the polish recon, the metal, or metallic compounds containing an impurity to opening circles is formed, 
subsequently to the layer insulation layer 32 top, a wiring material layer may be formed in a spatter and 
wiring 33 may be formed by carrying out patterning of the wiring material layer. 

[0069] (Gestalt 2 of operation) The gestalt 2 of operation is deformation of the manufacture approach of 
the p channel mold semiconductor device of the gestalt 1 operation. The point that the gestalt 2 of 
operation is different from the gestalt 1 of operation continues at [a process -1 10], and is in the point of 
performing plasma nitriding treatment to gate dielectric film 22. Except for this point, the gestalt 2 of 
operation is the same as the gestalt 1 of operation. 

[0070] The silicon semi-conductor substrate 20 is cooled to a room temperature, stopping installation of 
the hydrogen gas to supply of the microwave power to a magnetron 1 5, and the processing room 1 0, and 
oxygen gas after the completion of formation of gate dielectric film, and specifically introducing inert gas 
into the processing room 10 from the gas induction 17. Subsequently, installation into the processing room 
10 of the inert gas from the gas induction 17 is stopped. Then, the nitrogen gas which is nitrogen system 
gas is introduced into the processing room 10 from gas induction 16C. It combines, microwave power is 
supplied to a magnetron 15. and the microwave (1GHz thru/or 100GHz) (for example, 2.45GHz microwave) 
generated by the magnetron 15 is introduced into plasma production field 10A of the processing room 10 
through a microwave waveguide 14. This, i.e., by irradiating an electromagnetic wave at nitrogen gas. the 
nitrogen content child, the nitrogen content child ion, nitrogen atom, or nitrogen atom ion of the excitation 
state generated at the above-mentioned formula (4-1) - (4-4) the reaction reaches plasma treatment field 
108 located down the processing room 10, and the front face of gate dielectric film 22 is nitrided. The 
conditions of plasma nitriding treatment are illustrated to the following table 5. In addition, the reason for 



making temperature of a silicon semi-conductor substrate into a room temperature is for controlling that a 
nitrogen atom is spread in a silicon semi-conductor substrate in nitriding treatment. 

[0071] [Table 5] , „ « 

Microwave power : IkW microwave frequency: 2.45GHz nitrogen quantity of gas flow : 0.4SLM pressure : 

Q.lBPa substrate temperature : Room temperature (25-degreeC) 

[0072] In addition, heat-treatment may be performed after performing plasma nitriding treatment. The 
temperature up of the silicon semi-conductor substrate 20 is carried out to 850-degreeC with the heating 
means 12. stopping installation of the nitrogen gas to the processing room 10 from gas induction 16C, and 
specifically introducing inert gas into the processing room 10 from the gas induction 17. And if the 
temperature of the silicon semi-conductor substrate 20 reaches 850-degreeC and the temperature is 
stabilized, heat-treatment will be performed for 5 minutes by nitrogen quantity-of-gas-flow 4SLM. By this 
heat-treatment, relaxation of the damage produced in gate dielectric film can be aimed at. 
[0073] (Gestalt 3 of operation) The gestalt 3 of operation is also deformation of the manufacture approach 
of the p channel mold semiconductor device of the gestalt 1 operation. Although gate dielectric film was 
formed by the plasma oxidation method where the silicon semi-conductor substrate 20 is heated to 800 
degreeC in the gestalt 1 of operation, in the gestalt 3 of operation, two steps of oxidation is performed 
based on a plasma oxidation method. Namely, after starting formation of gate dielectric film on the front 
face of a semi-conductor layer at the temperature to which the atom which mainly constitutes a semi- 
conductor layer from a front face of a semi-conductor layer is not desorbed from formation of gate 
dielectric film. A predetermined period and the 1st gate-dielectric-film formation process which holds a 
semi-conductor layer to the temperature requirement from which the atom which mainly constitutes a 
semi-conductor layer from a front face of a semi-conductor layer is not desorbed. and forms gate 
dielectric film in it. Gate dielectric film consisted of the 2nd gate-dielectric-film formation process formed 
further until it became desired thickness at temperature higher than the temperature requirement from 
which the atom which mainly constitutes a semi-conductor layer from a front face of a semi-conductor 
layer is not desoriDed. In addition, the plasma treatment equipment shown in drawing 1 also in the gestalt 3 
of operation is used. 

[0074] [Process -300] The [process -100] of the gestalt 1 of operation and the same process are 
performed first. 

[0075] After carrying in [a process -310], next the silicon semi-conductor substrate 20 from the door 
which is not illustrated to the plasma treatment equipment shown in drawin&l and laying them in a stage 
11, inert gas (for example, nitrogen gas) is introduced in the processing room 10 from the gas induction 17. 
And the silicon semi-conductor substrate 20 is heated to 300-degreeC with the heating means 1 2. In 
addition, in this temperature. Si-H association of a semi-conductor layer front face is not cut. Therefore, 
irregularity (dry area) does not arise on the front face of a semi-conductor layer (it sets in the gestalt 3 of 
operation and is the silicon semi-conductor substrate 20). 

[0076] Hydrogen gas and oxygen gas are introduced in the processing room 10 from gas induction 16A and 
gas induction 16B. introducing the inert gas (for example, nitrogen gas) as gas for dilution in the processing 
room 10 from the gas induction 17 after that [ [process -320] ]. It combines, microwave power is supplied 
to a magnetron 15, and the microwave (1GHz thru/or 100GHz) (for example. 2.45GHz microwave) 
generated by the magnetron 15 is introduced into plasma production field 10A of the processing room 10 
through a microwave waveguide 14. A steam generates by this. The generated steam reaches plasma 
treatment field 10B located down the processing room 10, and the front face of the semi-conductor layer 
(specifically silicon semi-conductor substrate 20) heated by the heating means 12 oxidizes. In this way. 
gate dielectric film (it sets in the gestalt 3 of operation and is an oxidation silicone film) can be formed m 
the front face of a semi-conductor layer. The formation conditions of gate dielectric film are illustrated to 
the following table 6. In this 1st gate-dielectric-film formation process, gate dielectric film with a thickness 
of 1 nm is formed. 

[0077] [Table 6] u ^ • r 

Microwave power : IkW microwave frequency: 2.45GHz oxygen gas flow rate : 10SLM hydrogen quantity of 
gas flow : 0.2SLM inert gas flow rate : 10SLM substrate temperature : 300-degreeC [0078] The 
temperature up of the silicon semi-conductor substrate 20 is carried out to 800-degreeC with the heating 
means 12. interrupting installation of the hydrogen gas to supply of the microwave power to a magnetron 
15. and the processing room 10. and oxygen gas. and continuing installation into the processing room 10 of 



the inert gas from the gas induction 1 7 after that [ [process -330] ]. In addition, since thin gate dielectric 
film is already formed in the front face of a semi-conductor layer, in this temperature up process, 
irregularity (dry area) does not arise on the front face of a semi-conductor layer (it sets in the gestalt 3 of 
operation and is the silicon semi-conductor substrate 20). Subsequently, hydrogen gas and oxygen gas are 
agpin introduced in the processing room 10 from gas induction 16A and gas induction 16B. It combines, and 

-again, microwave power is supplied to a magnetron 15 and the microwave (1GHz thru/or lOOGHz) (for 
example. 2.45GHz microwave) generated by the magnetron 15 is introduced into plasma production field 

-10A of the processing room 10 through a microwave waveguide 14. A steam generates by this. The 
generated steam reaches plasma treatment field 10B located down the processing room 10, and oxidizes 
further the front face of the semi-conductor layer (specifically silicon semi-conductor substrate 20) 
heated by the heating means 12. In this way. gate dielectric film with a total thickness of 2nm is formed in 
the front face of a semi-conductor layer. The formation conditions of the gate dielectric film in this 2nd 
gate-dielectric-film formation process are illustrated to the following table 7. 
[0079] [Table 7] 

Microwave power : IkW microwave frequency: 2.45GHz oxygen gas flow rate : lOSLM hydrogen quantity of 
gas flow : 0.2SLM inert gas flow rate : 10SLM substrate temperature : 800-degreeC [0080] A p channel 
mold semiconductor device can be obtained by performing [process -120] [process -120] - [a process - 
180] of the gestalt 1 of operation after [a process -340]. [ of the gestalt 1 of the operation after passing 
through performing - [a process -180] or the plasma nitriding treatment explained with the gestalt 2 of 
operation again ] 

[0081] (Gestalt 4 of operation) The gestalt 4 of operation is also deformation of the manufacture approach 
of the p channel mold semiconductor device of the gestalt 1 operation. The point that the gestalt 4 of 
operation is different from the gestalt 1 of operation is in the point of heat-treating to the formed gate 
dielectric film, after forming gate dielectric film in the front face of a semi-conductor layer. Hereafter, the 
manufacture approach of the p channel mold semiconductor device of the gestalt 4 operation is explained 
In addition, the plasma treatment equipment shown in drawing 1 also in the gestalt 4 of operation is used. 
[0082] By performing the same process as [process -100] - [a process -110], gate dielectric film with a 
thickness of 2nm is formed in the front face of a semi-conductor layer (it sets in the gestalt 4 of operation 
and is the silicon semi-conductor substrate 20). [ of the gestalt 1 of [process -400] operation ] 
[0083] The temperature up of the silicon semi-conductor substrate 20 is carried out to 850-degreeG with 
the heating means 12, stopping installation of the hydrogen gas to supply of the microwave power to a 
magnetron 15. and the processing room 10, and oxygen gas. and introducing into the processing room 10 of 
the inert gas from the gas induction 17 after that [ [process -410] ]. Subsequently, the nitrogen gas which 
does 0.1 capacity % content of hydrogen chloride gas is introduced in the processing room 10 from the gas 
induction 1 7, and heat-treatment is performed for 5 minutes. By this, gate dielectric film excellent in the 
time zero dielectric-breakdown (TZDB) property and the dielectric-breakdown (TDDB) property with the 
passage of time can be obtained 

[0084] After that [ [process -420] ]. the installation to the processing room 10 of the nitrogen gas which 
does 0.1 capacity % content of the hydrogen chloride gas from the gas induction 17 is stopped, and inert 
gas (for example, nitrogen gas) is introduced from the gas induction 17 to the processing room 10. 
Henceforth, a p channel mold semiconductor device can be obtained by performing [process -120] 
[process -120] - [a process -180] of the gestalt 1 of operation. [ of the gestalt 1 of the operation after 
passing through performing - [a process -180] or the plasma nitriding treatment explained with the gestalt 
2 of operation again ] Moreover, heat-treatment of the gestalt 4 of operation may be added to two steps of 
gate-dielectric-film formation processes of the gestalt 3 of operation. 

[0085] (Gestalt 5 of operation) The gestalt 5 of operation is also deformation of the manufacture approach 
of the p channel mold semiconductor device of the gestalt 1 operation. The point that the gestalt 5 of 
operation is different from the gestalt 1 of operation is in the point which adopted the pie ROJIE nick 
oxidation style as formation of gate dielectric film. 

[0086] The conceptual diagram of the oxide-film formation equipment of the vertical mold method for 
forming an oxidation silicone film based on a pie ROJIE nick oxidation style is shown in drawing 7 . The 
oxidation furnace 50 (it is equivalent to a processing room) of the double pipe structure made from a 
quartz where the oxide-film formation equipment of this vertical mold method was held perpendiculariy. 
The gas induction 52 for introducing wet gas and /gas to the oxidation furnace 50. The flueing section 53 



which exhausts wet gas and /gas from the oxidation furnace 50. and the heater 54 for holding the inside of 
the oxidation furnace 50 to predetermined ambient temperature through the liner tube 56 of the shape of a 
cylinder which consists of SiC, The substrate taking-out admission into a club 60 and the gas induction 61 
for introducing inert gas. such as nitrogen gas, to the substrate taking-out admission into a club 60, it 
co/isists of a shutter 55 into which the flueing section 62 which exhausts gas from the substrate taking- 
-out admission into a club 60. and the oxidation furnace 50 and the substrate taking-out admission into a 
club 60 are divided, and an elevator style 63 for carrying out carrying-in appearance of the silicon semi- 
conductor substrate 20 into the oxidation furnace 50. The quartz boat 64 for laying the silicon semi- 
conductor substrate 20 is attached in the elevator style 63. Moreover, wet gas is made to generate by 
mixing the hydrogen gas supplied to the combustion chamber 70 at an elevated temperature oxygen gas 
and in a combustion chamber 70, and making it burn. This wet gas is introduced in the oxidation furnace 50 
through piping 71, a gas passageway 51, and the gas induction 52. In addition, a gas passageway 51 is 
equivalent to the space between the wall of the oxidation furnace 50 of double pipe structure, and an outer 
wall. 

[0087] The outline of the formation approach of gate dielectric film based on a pie ROJIE nick oxidation 
style which used the oxide film formation equipment of the vertical mold method shown in drawing 7 is 
explained hereafter. 

[0088] [Process -500] The [process -100] of the gestalt 1 of operation and the same process are 
performed first. 

[0089] Nitrogen gas is introduced to the oxidation furnace 50 through the [process -510] piping 72, a 
combustion chamber 70, piping 71, a gas passageway 51, and the gas induction 52, and the inside of the 
oxidation furnace 50 is made into nitrogen-gas-atmosphere mind, and the ambient temperature of the 
oxidation furnace 50 is held before and after 700-degreeC at a heater 54 through a liner tube 56. The 
shutter 55 is closed in this condition. The substrate taking-out admission into a club 60 is in the condition 
released by atmospheric air. And the silicon semi-conductor substrate 20 is carried in to the substrate 
taking-out admission into a club 60, and the silicon semi-conductor substrate 20 is laid in a quartz boat 64. 
After carrying in of the silicon semi-conductor substrate 20 to the substrate taking-out admission into a 
club 60 is completed, the door which is not illustrated is shut, nitrogen gas is introduced into the substrate 
taking-out admission into a club 60 from the gas induction 61, and it discharges from the flueing section 62, 
and let the inside of the substrate taking-out admission into a club 60 be nitrogen-gas-atmosphere mind. 
[0090] When the inside of the [process -520] substrate taking-out admission into a club 60 fully serves as 
nitrogen-gas-atmosphere mind, a shutter 55 is opened, the elevator style 63 is operated, a quartz boat 64 
is raised, and the silicon semi-conductor substrate 20 is carried in in the oxidation furnace 50. When the 
elevator style 63 arrives at the maximum rise location, it stops being open for free passage with the base 
of a quartz boat 64 between the oxidation furnace 50 and the substrate taking-out admission into a club 
60. 

[0091] After that [ [process -530] ], the temperature up of the ambient temperature of the oxidation 
furnace 50 of nitrogen-gas-atmosphere mind is carried out, and it is referred to as 800 - 900-degreeC. 
And oxygen gas and hydrogen gas are supplied in a combustion chamber 70 through piping 72 and 73, and 
the wet gas generated by mixing and burning hydrogen gas at an elevated temperature in oxygen gas and a 
combustion chamber 70 is introduced to the oxidation furnace 50 through piping 71, a gas passageway 51, 
and the gas induction 52, and is exhausted from the flueing section 53. Gate dielectric film is formed in the 
front face of the silicon semi-conductor substrate 20 of this. In addition, the temperature in a combustion 
chamber 70 is held to 700-900-degreeC at a heater (not shown). The conditions in a pie ROJIE nick 
oxidation style are illustrated to the following table 8. 
[0092] [Table 8] 

hydrogen quantity-of-gas-flow: — 5SLM oxygen gas flow rate: — 1 OSLM combustion temperature : 750- 
degreeC [0093] After forming the gate dielectric film of the thickness of a [process -540] request, supply 
of the oxygen gas into a combustion chamber 70 and hydrogen gas is stopped. Subsequently Introducing 
inert gas, such as nitrogen gas, in the oxidation furnace 50, the ambient temperature of the oxidation 
furnace 50 is lowered till around 700-degreeC. subsequently, the elevator style 63 is operated, a quartz 
boat 64 is dropped, and. subsequently the silicon semi-conductor substrate 20 is taken out from the 
substrate taking-out admission into a club 60. 

[0094] A p channel mold semiconductor device can be obtained by performing [process -120] [process - 



120] - [a process -180] of the gestalt 1 of operation after [a process -550]. [ of the gestalt 1 of the 
operation after passing through performing - [a process -180] or the plasma nitriding treatment explained 
with the gestalt 2 of operation again ] In addition, based on the pie RO JIE nick oxidation style of the 
gestalt 5 of operation, two steps of gate-dielectric-film formation processes explained with the gestalt 3 of 
operation may be performed, and the heat-treatment explained with the gestalt 4 of operation may be 

-added further. Moreover, the oxidizing quality ambient atmosphere in the [process -170] of the gestalt 1 of 
operation may be formed based on a pie ROJIE nick oxidation style. Since metal layer 23C does not oxidize 

-since the top face and side face of metal layer 23C are covered with the oxidation-resistant layer, 
therefore it is not necessary to include hydrogen gas in the ambient atmosphere of hot post-oxidation, the 
enhanced diffusion by hydrogen arises, a boron atom passes gate dielectric film from a gate electrode still 
more easily, and the phenomenon of reaching even a silicon semi-conductor substrate does not occur. 
[0095] (Gestalt 6 of operation) the gestalt 6 of operation — the 2nd voice of this invention — it is related 
with the manufacture approach of the semiconductor device applied like, and the manufacture approach of 
a p channel mold semiconductor device. 

[0096] Also in the gestalt 6 of operation, the silicon semi-conductor substrate was used as a semi- 
conductor layer. Moreover, the plasma oxidation method was adopted also in the gestalt 6 of operation. 
The manufacture approach of the semiconductor device concerning the 6th mode of this invention using 
the plasma treatment equipment shown in drawing 1 and the manufacture approach of a p channel mold 
semiconductor device are hereafter explained with reference to typical drawing 8 of silicon semi-conductor 
substrate 20 grade which is a sectional view a part - drawing 1 1 . 

[0097] [Process -600] The [process -100] of the gestalt 1 of operation and [a process -110], and the 
same process are performed first. 

[0098] After that [ [process -610] ], on a semi-conductor layer, after carrying out sequential formation of 
silicon layer 23A, metal layer 23C. and the oxidation-resistant layer 40, patterning of the oxidation- 
resistant layer 40, metal layer 23C. and silicon layer 23A is carried out, and the layered product which 
silicon layer 23A exposed on the side face is formed. Or silicon layer 23A containing p mold impurity, metal 
layer 23C, and the oxidation-resistant layer 40 form the gate electrode 123 by which the laminating was 
carried out on gate dielectric film 22 again. Stopping installation of the hydrogen gas to supply of the 
microwave power to a magnetron 15, and the processing room 10, and oxygen gas, and specifically 
introducing inert gas into the processing room 10 from the gas induction 17, if formation of gate dielectric 
film 22 is completed, the silicon semi-conductor substrate 20 is cooled to a room temperature, and the 
silicon semi-conductor substrate 20 is taken out from plasma treatment equipment after that. And with a 
thickness [ containing p mold impurity (for example, boron) ] of about lOOnm silicon layer 23A (it sets in 
the gestalt 1 of operation and is a polish recon layer) is produced on the whole surface with a CVD 
method. Subsequently, after carrying out sequential formation of the oxidation-resistant layer 40 which 
consists of metal layer 230 and the silicon nitride (SiN) with a thickness of about lOOnm which consist of 
reaction prevention layer 23B which consists of WN with a thickness of about 5nm, and a tungsten with a 
thickness of about lOOnm, based on a lithography technique and a dry etching technique, patterning of 
oxidation-resistant layer 40, metal layer 230, and reaction prevention layer 23B and the silicon layer 23A is 
carried out. In this way, as shown in (A) of drawin g 8 , the laminating of silicon layer 23A, metal layer 230, 
and the oxidation-resistant layer 40 is carried out, and the gate electrode 123 or the layered product which 
silicon layer 23A exposed to the side face can be obtained again. 

[0099] The low-concentration impurity range 24 is formed in the silicon semi-conductor substrate 20 by 
performing [a process -620], next the [process -130] of the gestalt 1 of operation and the same process 
(refer to (B) of drawing 8 ). Depending on the case, an extension field may be formed instead of the low- 
concentration impurity range 24. 

[0100] The oxidizing gas transparency layer 25 is formed on the silicon semi-conductor substrate 20 which 
is a semi-conductor layer so that the side face of silicon layer 23A may be covered and the oxidation- 
resistant layer 40 and metal layer 230 may project after that [ [process -630] ]. the high density plasma 
OVD (HDP-CVD) which specifically illustrated the oxidizing gas transparency layer 25 which consists of 
silicon oxide (Si02) on the whole surface in Table 2 — it forms in law (refer to (O) of drawing 8 ). 
Thickness of the oxidizing gas transparency layer 25 on the silicon semi-conductor substrate 20 which is 
separated from the gate electrode 123 is made in general equal to the height from the silicon semi- 
conductor substrate 20 of the top face (interface of silicon layer 23A and reaction prevention layer 23B) of 



silicon layer 23A which constitutes the gate electrode 1 23. And the resist layer 26 is formed (refer to (A) 
of drawing 9 ), and after removing the oxidizing quality gas transparency layer 25 which is not covered in 
the resist layer 26 by the dry etching method, the resist layer 26 is removed, so that the upper oxidizing 
gas transparency layer 25 of the gate electrode 123 may be exposed and the oxidizing quality gas 
transparency layer 25 on the silicon semi-conductor substrate 20 may be covered (refer to (B) of drawing 
'9 ). The thickness of the oxidizing gas transparency layer 25 on the silicon semi-conductor substrate 20 
which is separated from the gate electrode 123, abbreviation, etc. spread and carry out thickness of the 
part of the oxidizing gas transparency layer 25 after being removed by the dry etching method. 
[0101] The side face of [a process -640], next metal layer 23C projected from the oxidizing gas 
transparency layer 25 is covered with the oxidation-resistant film 41 (refer to (C) of drawing 9 ). After 
specifically forming a silicon nitride (SiN) layer in the whole surface on the conditions illustrated to Table 3 
using the CVD system of an parallel monotonous mold, the side face of metal layer 23C projected from the 
oxidizing gas transparency layer 25 can be covered with the oxidation-resistant film 41 which consists of 
silicon nitride (SiN) by carrying out etchback of the silicon nitride layer. 

[0102] After that [ [process -650] ]. using the oxidation-resistant film 41 as a mask for etching, the 
oxidizing quality gas transparency layer 25 on the silicon semi-conductor substrate 20 which is a semi- 
conductor layer is alternatively removed by the dry etching method, and it leaves the oxidizing gas 
transparency layer 25 to the side face of silicon layer 23A (refer to (A) of drawing 1 0 ). It etches so that 
the oxidizing quality gas transparency layer 25 of about lOnm of thickness numbers may remain in the side 
face of silicon layer 23A. 

[0103] Oxide-film 23D is formed in the side face of silicon layer 23A heat-treating in an oxidizing 
atmosphere, i.e.. by performing post-oxidation treatment, like [a process -660], next the [process -170] of 
the gestalt 1 of operation (refer to (B) of drawing 10 ). In addition, although the oxidation silicone film was 
formed also in the front face of the silicon semi-conductor substrate 20, illustration of this oxidation 
silicone film was omitted. 

[0104] After injecting p mold impurity (for example, boron and BF2) into a semi-conductor layer 
(specifically silicon semi-conductor substrate 20) with ion-implantation and forming the source / drain field 
30 after that [ [process -670] ] (refer to (A) of drawing 1 1 ), RTA processing for activating introduced p 
mold impurity is performed. The field of the pinched silicon semi-conductor substrate 20 is equivalent to 
the channel formation field 31. Then, the layer insulation layer 32 is produced with a CVD method on the 
whole surface, opening is prepared in the upper layer insulation layer 32 of the source / drain field 30, a 
wiring material layer is formed in a spatter on the layer insulation layer 32 containing these opening circles, 
by carrying out patterning of the wiring material layer, wiring 33 can be formed and the typical p channel 
mold semiconductor device in which a sectional view is shown in part can be obtained to (B) of drawing 
1 1 . In addition, the contact plug which changes from the polish recon, the metal, or metallic compounds 
containing an impurity to opening circles is formed, subsequently to the layer insulation layer 32 top. a 
wiring material layer may be formed in a spatter and wiring 33 may be formed by carrying out patterning of 
the wiring material layer. 

[0105] In addition, the various modifications of the gestalt 1 of the operation explained with the gestalt 5 of 
the gestalt 2 of operation - operation are applicable to the manufacture approach of the semiconductor 
device of the gestalt 6 operation, and the manufacture approach of a p channel mold semiconductor 
device. 

[0106] As mentioned above, although this invention was explained based on the gestalt of desirable 
operation, this invention is not limited to the gestalt of these operations. Various kinds of conditions of 
having explained with the gestalt of operation, and the structure of plasma treatment equipment are 
instantiation, and can be changed suitably. 

[0107] For example, in the [process -330] of the gestalt 3 of operation, the temperature up of the silicon 
semi-conductor substrate 20 may be carried out to 800-degreeC with the heating means 1 2, without 
stopping installation of the hydrogen gas to supply of the microwave power to a magnetron 15, and the 
processing room 10. and oxygen gas. Moreover, although the temperature up of the temperature of the 
silicon semi-conductor substrate 20 was carried out to 850-degreeC with the heating means 1 2 in the 
[process -410] of the gestalt 4 of operation, introducing inert gas (for example, nitrogen gas) in the 
processing room 10 from the gas induction 17 Instead, the temperature up of the temperature of the silicon 
semi-conductor substrate 20 may be carried out to 850-degreeC with the heating means 1 2, introducing 



the inert gas (for example, nitrogen gas) which does 0.1 capacity % content of hydrogen chloride gas. for 
example in the processing room 10 from the gas induction 17. Furthermore, for example, hydrogen chloride 
gas may be included in the ambient atmosphere in each of the 1 st gate-dielectricHilm formation process, a 
temperature up process, and the 2nd gate-dielectric-film formation process. 

[01O8] In the gestalt of operation, although the insulator layer was chiefly formed in the front face of a 
silicon semi-conductor substrate, a p channel mold semiconductor device can also be formed in the 
epitaxial silicon layer produced on the substrate based on this invention, and a p channel mold 
semiconductor device can also be formed in a polish recon layer or an amorphous silicon layer produced on 
the insulating layer formed on the substrate. 

[0109] Or a p channel mold semiconductor device may be formed in a SOI layer again. In addition, the 
component isolation region in a SOI mold semiconductor device can be formed by the following approaches. 

(a) By forming a pad oxide film and a silicon nitride film on a semi-conductor layer, and carrying out 
patterning of a silicon nitride film and the pad oxide film Form the mask for component isolation region 
formation, and form a component isolation region by oxidizing a semi-conductor layer thermally using the 
mask for this component isolation region formation. After forming a trench in a semi-conductor layer by 
carrying out patterning of the so-called LOCOS (method b) semi-conductor layer, the so-called STl 
(Shallow Trench Isolation) which embeds the inside of a trench by the insulating material, when preparing a 
substrate based on the approach of ** of the law (c) above-mentioned, or ** Beforehand, a trench is 
formed in a semi-conductor substrate and the inside of this trench is embedded by the insulating layer. 
Subsequently After forming in the whole surface an interlayer film (for example, film which has the 
laminated structure of Si02 film. Si02 film, and the polish recon film). This interlayer film is minded for this 
semi-conductor substrate and support substrate. Lamination and a semi-conductor substrate grinding and 
by grinding from a rear face By exposing an insulating layer by removing the semi-conductor layer on 
(Approach d) insulating layer which combined the substrate lamination method and the STI method which 
obtains the base material which consists of a support substrate, an insulating layer, and the semi- 
conductor layer which consists of a semi-conductor substrate The mesa (Mesa) mold component isolation 
region forming method which forms a component isolation region [01 10] The batch method which 
processes not only a sheet method but two or more semi-conductor layers to coincidence can also 
perform formation of gate dielectric film and/or nitriding treatment to the front face of gate dielectric film, 
and post-oxidization. 

[Oil 1] Although the semi-conductor layer was carried in to plasma treatment equipment or oxide-film 
formation equipment (these equipments are hereafter called plasma treatment equipment etc. generically) 
after a hydrofluoric-acid water solution and pure water performed surface washing of a semi-conductor 
layer 0.1% in the gestalt of operation, it is good also considering the ambient atmosphere to carrying in from 
the surface washing of a semi-conductor layer to plasma treatment equipment etc. as an inert gas (for 
example, nitrogen gas) ambient atmosphere. In addition, such an ambient atmosphere makes the ambient 
atmosphere of the surface washing installation of for example, a semi-conductor layer an inert gas ambient 
atmosphere. And as a mimetic diagram is shown in the approach of dedicating a semi-conductor layer (for 
example, silicon semi-conductor substrate) in the box for conveyance where it filled up with inert gas. and 
carrying in to plasma treatment equipment etc.. and drawin g 12 Cluster tool equipments which consisted of 
a conveyance way. a loader, and an unloader. such as a surface washing installation and plasma treatment 
equipment, are used. From a surface washing installation to plasma treatment equipment can be attained 
on a conveyance way by the approach of making the ambient atmosphere of an epilogue, this surface 
washing installation, a conveyance way, plasma treatment equipment, etc. an inert gas ambient atmosphere. 

[0112] Or surface washing of a semi-conductor layer may be performed by the gaseous-phase cleaning 
method using anhydrous hydrogen fluoride gas again on the conditions illustrated to Table 9 instead of a 
hydrofluoric-acid water solution and pure water performing surface washing of a semi-conductor layer 0.1%. 
In addition, a methanol is added for generating prevention of particle. Or surface washing of a semi- 
conductor layer may be performed by the gaseous-phase cleaning method using hydrogen chloride gas 
again on the conditions illustrated to Table 10. In addition, the ambient atmosphere of inside, such as an 
ambient atmosphere, a conveyance way. etc. in the surface washing installation before surface washing 
initiation of a semi-conductor layer and after surface washing completion, is good also as an inert gas 



ambient atmosphere, and good also as a vacuum ambient atmosphere of 1.3x1 0-1 Pa (10-3Torr) extent, for 
example, in addition, the ambient atmosphere of the plasma treatment equipment at the time of carrying in 
a semi-conductor layer, in making the ambient atmosphere of inside, such as a conveyance way, into a 
vacuum ambient atmosphere etc. — the vacuum ambient atmosphere offer example. 1.3x10-1 Pa (10- 
3Torr) extent — carrying out — the ambient atmosphere of after the completion of carrying in of a semi- 
conductor layer, plasma treatment equipment, etc. — an inert gas (for example, nitrogen gas) ambient 
atmosphere — then, it is good. 
Toil 3] [Table 9] 

Anhydrous hydrogen-fluoride gas: 300sccm methanol steam : SOsccm nitrogen gas : lOOOsccm pressure : 
0.3Pa temperature : 60-degreeC [0114] [Table 10] 

Hydrogen-chloride gas / nitrogen gas: 1 capacity % temperature : 800-degreeC [0115] As a result of being 
able to maintain the front face of a semi-conductor layer at the condition that there is no contamination 
etc.. before formation of gate dielectric film by adopting these approaches, it can prevent effectively 
moisture, the organic substance, or the property of gate dielectric film that Si-OH was incorporated again 
and formed falling into the formed gate dielectric film, or a defective part occurring. 
[01 16] Although hydrogen gas and oxygen gas are introduced in the processing room 10 in formation of 
gate dielectric film when adopting a plasma oxidation method as explained previously Under the present 
circumstances, in order to prevent that a detonating gas reaction arises when hydrogen gas flows in the 
processing room 10 and flows out out of a system, in order to prevent that the dry oxidation film is formed 
in a semi-conductor layer, and in order For example, in the [process -1 10] of the gestalt 1 of operation, 
introducing the inert gas (for example, nitrogen gas) as gas for dilution of flow rate 10SLM in the 
processing room 10 from the gas induction 17 What is necessary is to introduce the hydrogen gas of flow 
rate 0.2SLM in the processing room 1 0 from gas induction 1 6A. to start installation of the oxygen gas of 
flow rate 10SLM in the processing room 10 from after that, for example, gas, induction 16B, and just to 
stop installation into the processing room 10 of the inert gas for dilution. Subsequently, microwave power is 
supplied to a magnetron 15 and the 2.45GHz microwave generated by the magnetron 15 is introduced into 
plasma production field 10A of the processing room 10 through a microwave waveguide 14. By such 
actuation, the hydrogen gas concentration in the processing room 10 before steam generation can serve as 
a value low enough, it can prevent certainly that a detonating gas reaction arises, and, moreover, formation 
of the dry oxidation film can be prevented certainly. 
[0117] 

[Effect of the Invention] In this invention, it is in the condition which covered the top face and side face of 
a metal layer with the oxidation-resistant layer, or it is an oxidation-resistant layer about the top face of a 
metal layer, and is in the condition which covered the side face with the oxidation-resistant film again, and 
it can prevent that a metal layer oxidizes, aiming at improvement in the property of a semiconductor 
device, or dependability, since post-oxidation treatment is performed. And there is no need of heat- 
treating in H2 carrier gas containing H20 unlike a Prior art. and since a boron atom can control generating 
of the phenomenon of passing gate dielectric film from a gate electrode, fluctuation of the threshold 
voltage of a p channel mold semiconductor device is avoidable. 

[01 18] In addition, if a layered product or a gate electrode be expose to the steam and hydrogen gas which 
be generated by irradiate an electromagnetic wave at oxygen gas and hydrogen gas. as a result of being 
able to oxidize the side face of a silicon layer at temperature lower than the conventional post-oxidation, 
after this, the boron atom which be p mold impurity can pass gate dielectric film from a silicon layer in an 
oxidation process, and can control reach even a semi-conductor layer effectively. And if a plasma oxidation 
method is adopted, it becomes possible to essentially perform formation and post-oxidation of gate 
dielectric film within one plasma treatment equipment, and formation of gate dielectric film and the 
equipment for post-oxidation can be managed with one, and can simplify an equipment configuration. 
Moreover, if a plasma oxidation method is adopted, it becomes possible to make a steam generate easily 
and certainly in the condition of having been controlled and controlled of an oxidation rate, and it can form 
thin gate dielectric film with a humidification oxidation style. And since an oxide film is formed with the 
oxidation style using a steam, the oxide film which has the outstanding dielectric-breakdown (TDDB) 
property with the passage of time can be obtained. 




[Translation done.] 
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->';3>®©jiiM{cg^^bia%j^RR-r-5*s 

i^L.-Ci)OSK{b^ii¥-feJS^*Jab^, 
( 0 0 2 3 ] 4»niSsBtstcj: or^UfcKSS^^ 
xv(c*jt>r«, «jstmo, (.x'zg-) ktm^am 

U-) {c!ai«a3n. ^ti^n. fetT©se©j:^ccKSRM 

[0024] 



O. (X'2g-) + e — O, (A'2u-)+ e ( 1 - 1 ) 

O. (A'Zu-)+ e - 0('P)+0('P)+ e S; ( 1 - 2 ) 



o. 



(X'Zg-) + 
(B'Zu) + 



C6) 

— O, (B'lu-) + e 

— O CP) +0 CD) + 
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< 1 -3) 

3S.il-4) 



[0025] m^x. mm^'^ x-7<p(^itmmmM^^ 

(0 0 2 6 ] H. + e -» 2H ^ (2) 
10 02 7} -eo-r. ^:/7Xv©rt. m^it^ ( 1 
-2) -C^L/fce^T/^X^iSC (2) -C^U/c* 

1 GHzTiMl 0 OGHzO-^-f i>pa[ (ff|;ltf. 
2. 4 5GHz<Dv>f >;aie) 5:ISI*-r.5C itC ck-^r 

[0028] 

2H + O CP) -* H.O SC (3) 
[0 02 9 ] *^IB<Dlll^L<ttll2CDm«:0^Sp 20 

(A) «:-c^«ie©^iS{cy- htmrnfimmrij: 

N. (X^Zg) + e ^ N, (A 
N, (N'Zg) + e -» N, (C 
N, (Cnu) + e — N, <B 
N. (B'ng) + e - N, (A'Zu-) + 

[0 0 3 2 ] C©J:^K:, :7'5X-7^-fb^KiS«rtf ^Ci 

^. c itc J: •7-r-BHiii«ciaiiTsc t*!-c#s. 

[003 3 ] HaiS^iU-C. IGHzTiMlOOG 

Hz©-7-i'^'Pjg («^;^(3:, 2. 4bGHz<D-7^ fV 



* ta^.^:*/:=^iO-r. M^//X (N.:^X) ©ffi. N 
O. N,0. NO.^. S^ll^^<!:^jl^-©ft^-C* 

N., NO. N,0&C/NO.)!pe.E£-2.ep*^e.StR$n/c 
iJ»&:< ifc— aS©:*7Xif -SCiJ^ir-^-S, 
X«. Cn6©:</X^ii>^t< tfc2SS. ig^L/c//X 
-C*r,r*>j:l>. y- MteiSK©«ffi(cg{tSMI«:J6b 

^-i^©^fl]?ria^>±-Cjf* 01,^ »n?^Stt. 
x*?©:Rgi4;«fx^Hm-rff ^ C <b*«a* 0< , Jsg^fti 
SSStbrSOO* C7!iM1 2 0 0- c. ttii^saa^ 
PaiUr 1 0»7!»Sl^*«?«*^.5Ci*sr*2)o 
[0 0 30] ^JR^^fXiOr^^ (N,) :*/;^4fflt» 
■Sifi^. ^ (N, ) «. v^i'a?S«:j;4:/-7Xvtti 

-c. m«. JiiT©^©j:^ (cae^ns, bp^. 

>*i^$n€>. c4a6©aiisnfc^^^Ru^5g 
;^-r:i->*5y- i-itei^©^M©*^f*®^i«:sjiK 

*gfiS-rS/^,^3!»ss i©JS^. S i -OtS^) *^»tL/ 
^{fcK^bl^J {m^\t. S i -O-NlS^) 

ti. y-h<feSM©^M*s^{b3*i*. y-h«Mag© 
s i OxN.-c^sns. 

[003 1 ] 

SC (4-1) 
^(4-2) 
^ (4-3) 
(4-4) 

mS5ig?^M*f^-<|f:yx<!:br. gSR^X©WD«5tC. 
NO. N.O^fflti-SCifcrtrS. 

[ 0 0 3 4 ] 3 u-c^^«^e 

^ssji-rsi*^. fif*. y- hitei»)g*jg/?5E-rsBuK:. 

NH,0H/H,0.7k^rjSfe?tUM«:HC 1/H,0, 
7K;;^jK-cj5fe^r S i i> ^ R C AiJfe^tc J; 0 -> D n 

»s«©«®*jft^o. ^<j>mmiph^^^>^m^m 

>iJi^«:SS©affi»jJfe^ffi<»:SJCL/. 0 . 5-1 
nmgS:©K{bS^y=>»e3&iJ^JSRSns. ^iJ&iSKibi' 

iS8. c©<fc^<cigK:j;-5-c. :^gp^*57k 



Zu*) + 

•Uu) + 

ng) + 



e 

e 

h V 
h V 
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(0035] t mmstitmic&rf^y- htm 

fiS^n/cS i -Hife^(7>-gq*)SCsttXS i -Fife-^O 
U y a 6 0 0 • C WcK-mU-Tiy t U <J 

[0036] 2t:^©m 1 < tim2 ©,®«iCfi^<b p 

3>ii*st,»ttT-=tJi'7T;^->y 3>s. soi®*>6 

$ L/l>. ®^fi[*5 ( 1 0 0 ) ©i^ y 3 >4^^(*«g*it^ 

mwrnt L -cfflt^sj©^. y 3 >¥^(*g«©«®K: 

teW •S*5RM^©^*3&Ji' y 3 >M^=^o 2 *©i^^#© 
■en-entcio-roi^^o-cteo. h-si-h©**^ 

>MT© 1 *©iS^*©*ec**Mi^3&Jfe^l/fct«S© 
*&«g«Jg. S)SV>{3:. ->y 3>M^3*©*$^#<D-e- 

->y 3>M^F<0«»)©ie^^»)eSF«3g|J 

©i^y 3»^^^iie-^Lt:t^2,, :$:BjjfflS«:*jW^ rs 

i-Hig^j ti^^mmckt. '>y3>M^=-©2*©is 

^^©^*a-?n«:*lRM^jWfS^ L/ctm©$?^«jg. 

y 3>/i^© 1 *©*s-^^©;!»ic*jgii^ 
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#©-5-tx'en«:7KfgiF.^*sfe^ 0 /ct^iB©*i^j&©^ 

^ft^i-CgSt/^CC^SffifeU:, W$t,<«2 0 0' C 
&Lk. J:'3»*L/<»3 0 0' CfeUiirSCi;^. >^ 

[0 0 3 7 } i^s. (A) tcfcc^r. mmmitmicj: 

e*. y- hi»»ig©0fiS«:Pi>&^4is©¥i*f*s©s 

10 S<fc0fe»< i/r^>j;(,». c©«^. y-hiKiSl^©J^ 

fiS*s^7l//c<bt©iK^ft@©jae«. 6 0 071M1 2 
0 0' C. if*l/<»7 0 OTbMl 0 0 0* C. miC0 
fEU<«7 5 0 7!)S9 0 0" Cr*^>Ci*SM* 01^ 
365. c©J;^^cffiK:K5er-S*>©-C«/j:(,», (S8. i^Stt 

(0038] #fi*^®KK:-Ctf *^tt:®©^ 

B«:fiBf i/Ty- hi»syg*?gfissrem i ©y- mm 

SK{tffiK:j:ot:BFrS©J¥S«:%*S-cy- hteigjg?: 

MKjfjjis-r -s^ 2 ©y- h m^mmTM^^tic 

1^1^<0Bm&mt. 6 0 07^iM1 2 0 0- C. fiF*l/ 
<W7 0 07!iMl 0 0 0" C. MK:Sf*L<«7 5 071» 
30 M9 0 0' CT-$>^Ci*iM*OI,\ i^. ^l©y-h 

«5»ffij^fiS;xg«c*iW ^>¥^t^B©fismaffiii©±l® 

iL-rtt. 500* C. Jf*L<tt450' C. 

tl><it4 0 0' C«:W-5C<!:*irtr.S. 1^2©^- 
h ite«JgffJ^g*g/c^©Si^W/:c y- h ^M©lg 

iit». i|i^«wS?accs^sn48fs©/s[3<t-rntfj: 
^ 1 ©y- nai^M0fiSxii%ii?ta©y- 

3i«E. *J»{*ilg©S!!Ji«cfflt,>e.nrt,i5->y3> 

^(*S«©®*fil*5&i'©lS^ (1 0 0 ) -C*»). *0 
40 {Site ij a >^^gS«:Sg©«B?r^^{ b U T ( 1 0 

0 ) y 3 ><Dmmici,t!ii.-r:^ t- y ■:^tmttii>^ifi 
mmstii, c©x7^-y7'{3:asi^y 3>M^ia»-c 

^^«:j:or«2-3)g5>©|g^*3?f$fiKSn^, 
C<tAS*S. S£o-C. H 1 ©y- UteiSKJ^^g^rg 

/dji©y- hitegy@©i^». ¥^»Jii < i o 

0) i^y3>^t^S(*Sg5rfflt>SlS^> InmJUiit- 

( 0 0 3 9 ] ^ 1 ©y- ntei^Mff5fiKxgi^2 ©y- 
^teM^llffMXfi<b©rB1K:^xfi*$^t?^>i^,>. c 
so ©li^. ^SXIicc*st:fS^Hm*. 
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K (S i • ) i OH*5#iaxfiK;*si,>r^>a-y 

m<Dy~h^m (.miti^')=i'^B) idauxt^mt^-c 
•s>'^py>7c«©ffJSl^l/■c^3:. m«. is^bk^CH 

CD. CCl,. C.HCl,. Cla. HBr. NF, 

^f:^/;^ttl©>'^ay>7c^©^W*«. ^Xitit^<D 
mi&i:&m^Lx. 0. ooi~io?i?s%. »*L/< 

{iO. 005~10§*%. M«:S?SU<«0. 02~ 

:T^*/;^SC< < «*^^*^0:</x4'©%<bk^;*/X 
^W$»0. 0 2~1 OtfSS^-CiiCiJ&sa^L-lr^. 

C 0 0 4 0 ] *^^©m 1 SL/ < t*»2©J!l«CC^^, p 
ii^]^©J^fi£'^'©;4^.^4$t^K{b14SiB^(c>'^Dy>7c 
«S» (TZDB) #ttSCFglNF*6i!SK« (TDDB) ^ 

y>jc^ibr. mm. mm. 7-^**wsciAs-c 
^tf z/;^ § n s ^ a y >7c^©jl5® i 0 T w. 

ifi^bkS (HC 1 ) . cel.. CHOI,, 
CI,. HBr. NF,4^lf-5C4*STtS, ^mMi 
at?*-;:^tf©/May>j£«©$*$tt. ^^F^X«{k^ 
©JKSS^raiti tr. 0. 00 1~10iffi%. S?SL/ 
<t3:0. 0 0 5~10SfS%. MtCjfSKiiO. 0 2 

7K^.M€r^tf*';^*©^{b*^*'x^**«0. 0 

c 0 0 4 1 ] ffjfissn/cy- hi»iftM©#tt*— m^ji 

?-ti-2>fce?)CC, *sig©ll lSL<«m2©gg®K:C^^ 
p5^f *;us*^ft^S©Mj§:^ffiK:*st>-r. y- hiK 
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[0 04 2] C©«^. ^MS©#H^^, >'Nay>7C 

-'^py>7csg%^wrs:T^*•;^#H««t?y- hite 
(TZDB) mmi.vfimim.^m (tddb) 

10 '^M,ijx^m^-i'?>ct*ixt^, */c. />Dy>7c^ 
tor. ifejR. 7 vsg4^ifsci*s-cir5*s. 

W^ns-'Nay^Tcmo^gSliLrJi. P9^«. 
IR(HCl). CCl,. CHCl,. CI,. HBr. 
NF,*W-SCi*s-Ctf :;F«t4^Xtti©^>Dy> 
7C^©^W*». :»T-X»{b^©0.«*S«i Lr. 
0. 00 1~10§fi%. tff^L<ltO. 005-10 

mk:»$u<«o. 0 2-1 og»%t?*^. 

20 *Sg:^;^SW^»0 . 0 2-10 ^m%Xi>i>C tifim 

[ 0 0 4 3 ] fSi, y- h«iiSM©J^fiRi!Sl«iffli4|B|- 
Mffi^-Ctf ^ C i*i-Ct iSl^aiSOSS«, 7 0 0 
— 1 200" C. »SL.< «7 0 0-1 0 0 0" C. M 

tcjfst<«7 0 0-9 5 0' ct?*5. $/c. {gyaa 
©B^rat*. ts^*!^tc-rtf^ti^. i-io^tfsc 

<!:*i»SL/<. -'^•-^5^^(C-C^f ^ti^. 5-6 0». Sf 
SU<»10-40^. ig«:}fSL/<«2 0-3 0:»<i: 

30 [0 044] s^jtts^tf ^ig^. ?^RE$n7cy- y-mm 

c©j©^. y- h)tei^M©jgfi£*5^Lfcf*. mm 
a«:jgrfc»©»Hisag:$t?^orfej:i>L/. s^h 
f^^2ia*iiS-r/cJ6©^HMiaa*-c^urfc 

^;^t}^^c$WSn^»-'^ay>7^3R©}^!8i^-C». «i 
«. S{b;i<« (HC 1 ) . CC 1 C.HC 1 3. C 
1,. HBr. NF,*WSCt*5r#4. ^tt:tf;^ 

t|i©.'Nny>7cJR©^w^B. ^^xwt^^wommi 

mmtbx. 0. 0 0 1-1 o^m%, 0t.L<iito. 

0 0 5-1 0gS%. IS{CWSb<«0. 02-lOg 

tp<Di&it^mi^:^^mm\t o . 02-10 ^m%x 

50 4>^.Cii{»JS*L.<r>. 
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[0045] a^. 5^ >j 3 >*aittSficD^®{cy- h 
NH,OH/H.o.*««ri5fe 

^UmiCHC 1 /H,0.*^-Cj5t?fr-5.il>^RCA 

'J :3 >^wm^mm<D s i jgf^*j*K» < o lo 

H) ii^^r^^** (mtf, ASS "Hictny-relia 
ble Gate Oxide Formation for Ciga-Sca1e LSIs by us 
inq Closed Wet Cleaning Systati and Wet Q>fidation w 
ith Ultra-Dry Unloading", 3. Yugami , et al.. Inter 
national Electron Device MeetlngTechnica! Digest 9 
5, pp 855-858 #M) • C<DJ: '!> fjim-^. 3;<Dt^ 

^iW. S^y3>5^>i";>i':J<>K (Si •) -PS i 

S i - O-S im-^i>^1t^t}iCj:-z,XEmS 
nSl/<KS i -O-S ii^^©ftS*W<r»SL<«-'< 

J^^'<DK^b'>•J=I>]St^l©s i -o-s ife-^cDftgi 

S^C-Sit^-oftiS i -O-S iiS^*i^^nfc-5r'-Hte 

«««©«Mtc y- h immkw^m^ s c i *s-c * . 
^=s:^^±■r5c^Ai■c#^>, 40 

CO 04 6] y- hitei^<DJBEgK:*Jt>-C7'^X-7BE-ft 
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J^ScSmtc. «^Srt{c^^;^^©:T:fiitt:t/;:^T# 

*';^4^A-rn«j;c^ (sl. c©^^{cw, siaas 

t£;©^%5ei«:|»±-rSfc«){C. 7k3g;!/X©igS?r. 

Mtte^tcti. ?Ea*-r©^iBffiH«T (2gm<!:©§«% 
rftU/c^^. 18. 3^fi%JWT) . »S0<{3:2Sv 
4'-C©j(8«M5HfeiT (^i©ifS%-C«U/cti^. 

4. osfi%tiT) , $>^\,mx. mm'px-oMimm 
&rf imMt<or§m%-cmLtcm^. 15. o^m%&. 

T) . »*l/<ttMJS*-r©*S«lffiHeiT (KJRi©^ 
[0047] 2f:^«:*jC»T«. ^Ji©lIffiRC«fflE 

©t?, EP^. f*K<kii!iS*tf^©-C. ¥«{*S^©^tt 
■f>««tt©lSl±=Sr0 D 0-5 . ^® ASK^b 5 C t «r 
|t*±-r-SC<!:*s-C#-5, L/3!pfe. Se*©fgJBig«:i3 . 
H. 0^1 Op pm— 1 0%^tsHz^-i'')rtf^tp-cm 

*^i*i^g©ilfii^JE?r^Kl? ^ -5 i C» o tc^<D^^ 
[0048] 

[^?«©**S©J^Sg] J«T. 0ffi*#MLt:. ^?g©IS 

[0 049] (iQrs©ji5,^ 1 ) mm<omm 1 

<om 1 ©SI«{C^5ii£i§f*$^g©Sig:^RO- P ^ 1- ^ 

^i'S*«»ss©i?ji:^«ci!B-r-5. 
[0050] *^HJ©|g^«:3SL//c«cS:^rSi;©:/^Xv 
«!is«ia©fti^0*ia 1 Kn^-r. c©>^7Xvi!issia 
«. 1 0 (ii«s©?^si 1 tcfcc^r 

i/';n>^H»i*s«2 0) *«sg-r-5;^7^-i^i 1 

/SS^i 0©ngp«:i2g:5fxfcJl5i Si. 

1 0©]lg|5K:roOWt^n/cvWi'OjK^jg«l 4t. 

tess 1 0 ©nsptcEias tifc^x^sASB 1 e a . is 
B, 1 6c*>6^fiS;$nrc>4. *!ia^io«. y^x 

v^^JI? 1 0 A i . 7-7 Xvj&SMi^ 1 0 B*>6«fi£ 
3*1T*J«5. Xr— i?l 1 Wr^^X-7«agMJ^l 0 BtC 

■sfc»©»njgi^lgi 2-c*s^>7'dix7"-i;>i irtK 

> 1 5*siX0(*W6n. -7^^. hn> 1 5KJ:ot:i G 
Hz7!iMl 0 0GHz©-7-f i;aj^ (mt*. 2. 4 5 



ao) 
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6 A. 16B. 1 6C©^ti-etl*i6MSfil OrttC* 
S 1 0 ©{WffitcE^ S n?c*';^^Agi5 1 7 *:> 1 

j&s^ 1 0 cD^sistc (ii&sg 1 0 mssii)mm o i, > <fc ^ lo 
jcffissi o©rtgi5©as**(i®-r-5)fc«{)CDt-ts? i 9 

[0 0 5 1 ] OAKfcl^r. Bgg:^ 

;?iJSLC^*5S*'X«:i GHzTbMl OOGHzCD-v^^-o 
2. 4 5GHz©-5'-Y^PlS) 

[ 0 0 5 2 ] i^. 7-7XvS{tS5rSffll/-C^tt®© 

1 0 A«:*j(,>T. *3fl:tfXSO«KIR3!/X«: 1 GH z 
7!»S1 0 0GHz©v-ri7ajK (pij^ta:, 2. 45GH 

*/c. :7'7X-7MS^J^1 0 BCC*sl»r. C© 
^^«rfflt,>r*«(*B©«lB*K^bb. 

>; 3 ^BWffliJM^K^bf -S. 30 
[0053] MCC«. T-^x-^^ffc^as^tf ^>«^cc 
tt. :/7XvgfefiJ^lSl OA(c*Jl>r. ^3RS:*f;^{cl 
GHzTbMl 0 OGHz©v-f i'ai^ 2. 4 

5GHz©v-<i;njg) ^«gifrSC<!;(C<J:-3-C. ll@ 
«JS©S«^5^. S3R^-r*>. ^M^^0<«^ 

0 B«:tet»T> ^*Ji©«®«:JK^3n/cy- hi^i^ 
K©affi«:S{t-rS, 

[0054] mM<DBm 1 tc*jl,>r«, ^SS*® i l-c 
i/«;3>^^($S«^&fflii2>, s/c. j«6©jf$<^ 1 «:*s 40 
i»-c«. >^7XvK^ka4»fflb/c. H 1 ccTnUi^c:/^ 
Xv^Siia«rffi<.>/c:4c|g^©^ 1 ©.^(C^2^(^ 

mscymmymRu p 9^ + *^uM*^«^sia©a?ji*s 

felT> ->';=«>#Slft«S2 0l?©S^B«J/i-8PBr 
ffiS-C* S 0 2 ~H 6 4:#RS U r Si^-T -2. . 
[0 05 5] [IS-10 0]$tr. yv^K-T-L-fc 
@:S8-^>9^©nMi^'J^>■>x-'^ (C Zj^tcrf^K) 

T?*s^";3>^i*«S2 0K:. ■&»i©:frSTLOC 

^f\'-<*>iiA. ^^i-^^bX f- 2»:/-f;j->aA. ESffiH 50 
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%WL-C(,»rfcJ:«.»L, LOCOS^jgi h U>5^«JS 
©ffli^^*5-t±-C*o-C4>J:l^, -€-©g. RCAift?^(Cj: 
I) -> >; 3 >^i*S« 2 0 ©^ffi©ltieT"*>^^!fe 
im^L, '■S><l^V. 0. l%7-y<k*3^*«S?ERi:^« 
;4ck: i •& =1 >^}i«ft»® 2 0 ©*ffij^?f> ^tft^ 5^ 
«Jn>i|£^{*Sg2 0©*ffi^SaiS-&5 (02© 
(A) #M) . I^a. i"J3>*^«:^S2 0©^®«:^ 

[0056] [xg- 110] ;^«:. 
«2 0%. 0 1 {C7nUft::^^X-^J!iaj®tc0^b;^j:l> 

mi>^ibWLXL. Xf— S^^l ItctESLJt^. ;tfX^ASI5 

(C^ATS, ^Ur. flim^Sl 2K:J:-3r->U=i>4i 
i§(*»S2 048 0 0- CtCjjn^.fSo 
[005 7] ^LT. 4^«tJl-C*.S->';n>i{£^f*S 
S2 0©^H{cy- h^)S2 2*j&fi£^S. # 
3B?ffl:«/xiL-c©:^r§tt^x («^Atf^i!/x) <mm 
^1 Ort'^©^A'Srfp»fO. :*fX^ASBl 6 ARaf:<fX 
SIASiJl 6 B*^i^mmmi OF*9«:*^:</XSc;fK3g:</X 

%^A-r4, ^i':*.hn>i 5«:v>f i^njgs 

:^«rffi*&L/, vi^-* ha>l 5«:-C^OfclGHz7!; 
SI OOGHz©v^i;ujg (mii. 2. 45GHz 
©v-fd^njg) *v-fi/oa?«j!ggl 4*^l/TjaraS 

1 oc-T'^x-v^M^i OAtc^A-r.s.0 cntcio 
r. BPt. *«//xsc;fK*:^^x{cmfiBag4)SW-rsc 
iK: j:-,r . ±M<d^ ( i - i) ~ (i - 4 ) ©SIE. 
scfss: ( 2 ) , ^ ( 3 ) ©jsj£3&s*D. 

^0/c*^^{3:A!M^l 0©T*«:ag-rS:7"7 

xv5!ia««i OBtcei^u. *ni^©i 2{cj:o-ctti 
m$2n m©y- h mmm 2 2 ^j^^s-r s c i Ait?# 5> 

(02© (B) #M) . ^^-h»»]e2 2©?gfij^ 
feiT©* 1 {Ct^^-rS. 

[0 058] [^I] 
v^i^ojgm:^ : 1 kW 
•^ifaf^mfA: 2. 4 5GHz 
m^ij'^mt : 1 0 S LM 
*fR//XS£S : 0. 2 SLM 
m^MSL : 8 00' C 

[0059] [Iff - 120] ^©^. *««:@±«C, 
5^ 3 >S 2 3 ARyf^B 2 3 C imXB^Ltdk. 
^8 2 3 CSJ/i^ >; 3 >ja 2 3 A - - > i'U 
T. M«:i/'J3>B2 3 A*sSHib/cgBit^ff5eR-r 
6. hi(t^|g2 2±(C. pM^^?: 

^tJi"; 3>B2 3 A, RU=^mm2 3Cifimm$tiX 

«ySi2 2©}KsR*s^7L/i:^j:e.li. -7^/;^ h d> i S'n 
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(.m^it^o» ?^^^/cJlS$^l 00 nm®i^«;3 

>® 2 3 A (HiStDjg^ 1 «:*it,»r«!i< 'J -> n 

©WN*>6fi£-S5lEI»JhS2 3B. Jl^iKjl OOnmCD 
a?>i^y^7^> (W) *>6fiS;-2>^ei^2 3C?:Kr^. 

-^^^^^i'SWtC*-:?*. ^RJB2 3C, JSJt.l55±)g2 3 
BSc;i^'; 3>M2 3 A?r.'^■f-->i/•r■5). C^U 
■C. 02© (C) K:n^t-y-hSS2 3. *ilittX> 
i/ y 3 >Jg 2 3 ASCf^JB 2 3 Cj^WB S ti. ®JMtc 
i; 3 >Jg 2 3 A3&iRaLfcS««:*»S C tifiXt 

[0060} [X@- 130] -AK.. pM^tm im^i 
tisKa^-t'BF.) «r'/:*->aAffi{CTi^fl:B (*(* 

e«jtc «. y rj 2 0 ) (caA u rigfge© 

:m^m.m2 4i:mmri> os© (a) #m) . ig^ 

fci>mppm^^i&SEit-ri>tclb<r>RT A (Rapid ■merma* 
[*2] 

WmS§. : 3 5 0 • C 

[0063] [xg- 150] ^xtc. m.\m.t}7.m&m 

2 5*^6^aL.-rc^MH2 3 C©]IERUfffl!lH*iWK<t 
^g^fflt^ KiT©«3«:i?S^fS^«^ccrmt^';3 5« 

cas] 

RF^ 



CU) ^2 00 1- 1 27 280 
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*1 Anneal inp) JftS^rif^. 

[0 06 1] [Xg- 1 4 0] *©S. S^y3»12 3 

A©ffiiM^IS^L, M-^. ^^2 3C*if^ai-r.2>J:^ 

( S i O. ) i)^fb(Si.^mimii:^^^&m2 S 
feiT©«2{C6^jF-r^iS^e[:7'7X^CVD (HDP- 

cvD) ffiicrjgfisrs 03© (b) #m) . iSi. m 

HDP-CVDffi{C|E5e3n«CC», 
10 g 2 3 *^ 6fSn/ci/ 1; rj >i|£3S{*SS 2 0 ±-C©^{ bt* 
*^;^SiaS2 5©/l$«:. ■y-h^2 3«:^r.S-> 
y =1 >B 2 3 A©llffl ('> y 3 >B2 3 A tBitcMm 
2 3B©IHffi) (Oiy'J =''^^i^mm2 OipP><D^^ t 

mi3mb<-ri>, *L/T. y- hm@2 3©±^©Kfb 

tt:</XS3t® 2 5 *iStii U . i"; 3 2 0 ± 

©e<ktt:<f:^«jaa2 5*sato*i4j:^tc. ut^xhg 

2 6«rJi5fiXU (03© (C) #M) , UJ^;^h@2 6-C 
S*5nTCi%l,»K^bt4:</;^SjSJa2 5 ^ K-7 X 
d'SfeKr^^Lfc^. U'i':^HB2 6*K^*-r* (04 

20 © (A) #M) . K9-rx^.5^>y;acc-C^4§nfc^ 
©K<b1±;*f::^jijiJl 2 5 ©gp»©J¥S y- h ^ 2 

3 ip ?>»nfcV y 3 ly^im^ 2 0 ±-C©K{bt4i!/>^ 
23tM2 5©JI3iBS^l,<-rS. 

[0062] 



S i H,/'0,/Ar= 1 5 0/2 5 0/1 2 5sccm 
0. 6Pa 

±SP1 . 3 kW/TS|53. 1 kW 
3. 1 kW 



(S i N) *^6fi£SWK<btt®2 7?:^M«:jgfiKt-S 
(04© (B) #M) . 
[0064] 



S i H,/NH,/N. = 2 9 0/1 0 0/4 0 0 0sccin 
5 6 5 Pa 



69 OW 
40 0' C 

[006 5] [Xg- 160] ■€-©ft, mmWm-C&i, 40 
y 3 >*^«:S« 2 0 ±©Ki btt:</Xjlia® 2 5 S 
Mfbl4^;5^2l3a»2 5*2^y=i>JB2 3 

A©ffliiffiK:^-ro fl:(*fl<jk:}i. y- hmS2 3©J::Sr© 
mmititm 2 7 ©3img|j«ra^ j; ^tc us^x m 2 s * 

J^mL (04© (C) #M) > ifiifiiVV>:^ h@2 8* 
X 5=-> i/fflv;!; i» i Lr;Bt»-CiBg[{bttJl 2 7 SCfM 
•fbtt*'XSjaS 2 5 * X 9^ > y L/cfg. U y ;^ h ® 2 
8?&l^*r.2) (05©(A)#M). '>y3>®23A 
©WMtC . Jl S n m^g©K^ bttJt; ;^ SMS 2 5 *s 
SISJ:^«:. xs,9^>d/-*?f5. 50 



[0 06 6] [Xli- 1 7 0] ^XK. Kiutt^xv 

i«:j;r>-C. 5^y3»B2 3A©ffliIffi«:K{bM2 3D* 
J^^-r^. (05© (B) #M) . ixy=i> 
*^I«:S«2 04. 01K:^L.fc:^7Xvi2iS*^gtC0 
^U^C(,>)p*>^jeAL. ;^7'-i^l l«:»gUfcm. 
;'.^AS|51 7*i6Tr£tt*'x (tfJxtJSS**;^) 
Si ortccsgATi. -ei/r. fe(T©a4«:«^7K-r.&^ 

fiiC&^»7-7XvKfbffi«cKS3n«ci,>. *IS^*iKfb 



02) 
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tt*-;^Siia2 5?:iifiU. >- -J 3>® 2 3 A©ffllc5* 

mitL. -> 3 2 3 A (otsMicmim 2 3 d asj^sk 
TteS^nrt^soD-r, ^^@2 3C*5K{t?n?.c<t 

[0 06 7] [*4] 

v-fi'Pjgm:^) : 1 0 kw 

v^i^ajKJSjgfS: 2. 45GHz 
K^^'Xiefi : 1 0 S LM 

: 0. 2 SLM 
««iaS : 8 0 0 • C 

[00 6 8] [xe- 1 8 0 ] ^©a. y- Hie2 3 
<Dflilii<DiiitSt{l:1^ 2 7 ;tc;q^<ktt;^;<S}fiJi 2 5 ^ R 

S2 7R?>-K{ttt:<fXSia@2 SA^efiSSi^-f K'i':^-- 
Jl'29imm-i> <H5© (C) #M) . 

Lrv-X/KU>f>Ml*3 0*Jgfi£Ufca (H6© 

ik^titci^ V =3 >^ji«(*««2 0 (Dmwfi^i'^mm 

fiiUS 1 Ccffi^-r?.. :^iiK:«HI«6«tH3 2* 

cvDftccrSJMl^, v~:^yi^i"{'^mM3 0<D±.-^ 30 

3 3 iJgfiS L/ . 0 6 © ( B ) {c«S»5J5:-8B»r®S«:^ 

■c. ^rSiffii^ 3 2 ©±k:i3KW*4)l^x>'S f^icx 

iS3 3*jefiSUrfcJ:i,^ 40 
[0069] (HiS©?^® 2 ) |life©?^SI2 II*S© 

fmi(Dp^* *^i'S^ti^«^B©i!Ji:fr^^-c* 

-s. 11*6©?^.® 2 Aimm(Dmm i i tiji-r ■5. .-sj* . [ x 

fi- 1 1 0 ] {C^ISiK*. 7'7Xv^{bJ!!iS«:y- hite 
«)g2 2tc*fbt:Sg-r.^.«c*-5.. C©*«l^€f. HSfe© 

2 «iiis©ff5,^ 1 tmm-c$> ^. 
[0070] :R{*9fj{c{j. y- bummoymis^j'ik, 

0'^©*3R:tf;^RC/K^:«/;^©«A€:tf±l/. iiXMA 
SBl 7 3&»6,^t4*fX«:«!iSM 1 0rt'^.SAb)i#!6. 50 



i^200 1- 1 27280 
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ify^mxiXii 7*>6©:Fffitt^;^©*aa^i ort'>.©s? 
A^*±-rs, ■e©g. iJ:^mx^i ecifii^^mmi 
OK. gsR^*';^-c*^>gs*-x<&^A-rs. fitit-c. 

a>l 5{cr^fiJb/c 1 GHzTbMl OOGHz©vW 
i^Oi^m^ii. 2. 4 5GHz©v-<i'D?g) ^-^w" 

p jS^j^'g 1 4 1 0 ©y 7 xv^^ 

i^iOAtc^Ars, cti«:J:or. IP^. ^:^x«: 
mmr^imm-r^cticj^r.x^mo^ (4 - 1 ) - 

( 4 - 4 ) (omi^icx^Ltcmimm<DmM^^. m 

^1 0(DT:fjV:ii[M-ri>-:f'yX-7$mmmi OBtciiJ^ 
y-nteigti^2 2©^cB*5a{t3n5, y^x^M 

[007 1] [^5] 
v-rypjg^j^lS:2. 4 5GHz 

mmif:^mm. : 0. 4slm 

BB'J : 0. 1 6Pa 

m^MA : (2 5' C) 

[0 0 7 2 ] iS8. y^x-7Si^t«&ffi*?f ftfifeia 

©MSMl 0-^©MfK:</X©3IA=&*±L/. ;</X^ASB 
1 7*>?>^Rgtt:t;X*jaSSl Ofy^mXLtj:i)iit,. M 
tmmi 2(Cj:.,T'>y3>^j^fi««2 0*8 5 0- 

c^-c^s-r^So *ur. i^y 3>i^^«:«S2 o©s 
e*i8 5 0" c«:ao. ■e-©jaa*i^^Lfc/j:e>«. ^ 

IR;</XgfeS4SLMr5^ra. ttlfftteffi^rtf^. c©jn 
[0073] (|^©»® 3 ) |IS6©0SS3 HSfe© 

ffJSi 1 © p 9^ f 4^-'i'S*^(*$^g©«j§:^i*©^J^r * 

6. ^©J^SIlK:4jl<»T«i^yn>*^»S®2 0 5: 

8 0 0 • c (cjni^Lfctt^f y ^ xvM<b&K:-c y- h 

ffii^ffii«:J^lSLte3&s, ||JS©}^M3(C*Jt>-CW. y^X 
•7K^bffi{C»-:J#. 2Sfg©S{b?:tf^. BP^. y- F 
I8«l8©j^fi£*. #^(*@©^ffi*>e.*^(*®«:^«:«t 
isiJE-rSM^*«IBi8lbJ6:(,>iaKK:-c^tt:a©«Btcy- 

fiSHK:i|iss»s«:«^o-cy- hiimmimfsm>m 1 

©y- hite^fl5^xfii> ¥S(*a©«ffiA>e>^{* 

iatttc-c, ^S©/l?«:)tc2>*-cy-h*6^M«:M«:jf^ 

2 ©y- h itei^iygj^fiExg*^ l/c. i^a. 
iiis©jBsg3cc*st>-c feia 1 jcs^bfcy^xvsftsss 
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[0 0 74] [xg-3 0 0] 5t-r. mm<Dmmi<o 
[xm- 10 0] ii5«<Dxfi*»f-r-5. 

C007 5] lJM-3 I 0] -^XiC. zy'J^i^^Wm 

1 7*^^;rsi4*'x (mti^**;^) ?r/!&a^i ort 

Slf*»«t2 0*3 0 0- CJCjO^l-r^. cosstc 

>*^ft:»«2 0) (D^atcoaei *«*D-5ci 

[0 07 6] [Xg-3 2 0] 

-CCD:^^^/^ (tfJ^WSS^X) *:«/X?IASCl 7*» 
e>i!iffi^l 0rt«:^AL^c*i6. ;«/;^^ASe 1 6 ASOf 
:y;^^ASI51 6 B*»6«^^l OrtK:*^;<;;^R<:JfK^ 

zTbSl 0 0GHz(Dv-< ^DiS 2. 4 5G 

aSl 0<D::^^Xv^^«JgJl 0 A{c^A^4. Ctiic 

y 3 ly^mWWSL 2 0 ) O^BB*JK{b§ n C ^ b 
[0077] [^6] 



1 kW 

2. 45GH2 
1 OSLM 
0. 2 SLM 
1 OSLM 
300" C 

[0 0 7 8] [Xfi- 3 3 0] -ecDf^, hP> 1 

5 'v©v -f ci?e^;^©tt*&. ^aSM 1 0 -NtDTk^//;^ 

m&ii7.(ommi 0{*3^(mxi:imLrj:ifi^. mm 

^ei 2CCJ:-5-Ci/';3>i|£^ftS«2 0?r8 0 0' C 

f^m mm<Dmm 3 fc *jc ^ -c « 5> u 3 2 

0) ©SffifcCflCi (^n) Ai^OSCidSjSc^. 



C13) f^ZOO 1- 1 272 8 0 
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•T'i'^^ ha>I StC-C^Ufcl GHz7!iMl 0 0 
GHz©-5'-^i'nift (mtf. 2. 45GHz©v-fi7 

^xv^MiSi OAtc^A^s. cnccj:or. 7k^. 

«!{|S^-r -5. ^ U fcTk^^ttMS^ 1 0 ©T*{Cfi[ 

s-r^):'*7Xv^asM^i oBfcsfjau. ^]^^^,^ml 2 
mo^mmicimznmoy-hi&mmiB^-r^, c© 

10 m2©y-Htei^JfJfi£Xg«:*jtt-5y-h^K©J^ 
fi^ft^t:, fclT©*7{C«^n^-r^. 
[0079] [«7] 

i^um^m&: 2. 45GHz 
K^:</Xi)5Efi : 1 0 S LM 

: 0. 2 SLM 
^RSt4:</:^SSS : 1 0 S LM 
SSSS : 8 0 0' C 

(008 01 [Xg-34 0] Sa6©jeSSl© 

20 [xg- 1 20] ~ [xfi- 1 8 0] ^ntf-rsctcc 
J:-^-c. IQfi©Jgj^2«crsi?«Uc7'7X 
-7ii{fc*!ia%iyifc«. ll*fi©jgsg 1 © [xg- 12 0] 
~ [xs- 1 8 0] ^SI?f-r^.ct«:j;or. p5^+* 

[008 1 1 (ISS6©JK®4 ) mm<Dmm4 fc. SISfi© 

m@ 1 © p 5^ + *;vs^ft$|g©«3§:^S<D^fl5r$> 
^. l©fe©J^!ll4*i**£©0^1 ¥^ 

ft)i©«®Ky-hitei^«rjKfi£i,fc^. mmsntc^ 

|ISfe©J&SI4K:*jC»-Ct>Sl«:^t^/<i7'7X-rMffi 
[00 82] [Xfi-40 0] ||J6©JKSI1© [X^- 

10 0]- ixm- 110] tmm<Dxm^mf-ri>c 
tK.j:-,x\ ^m^m {mm<omm4K:isi,>xaiy'j=t 
ymmf^mmz o ) ©^stcjits 2 n m©y- hi^jg 

[0083] [Xli-4 1 0] ■€^©?^> -re^* ha> 1 
5 ^©-7 ^ p iSm:t)©«t&. ^aas 1 0 '^.©***f ;^ 
40 Siyf^:<f;^©3IA*i|'±L. ^'XSIASJl 7*^6©:^ 

sf*:</x©teffis 1 0ffi-^mxLtj:iiip>. mfmmi 2 

«:j:-5TS^y=i>^^ft««2 0S:8 5 0- C*-C^a 

«:*/x*^>^3iASPi 7*6«ia^i ort«:«AL. 5 
^rs. mm9min'>. cnfci^r. ^r-^A-ifDigiit 

85« (TZDB) ?#ttSa^igB$;tei^iRi® (TDDB) i^F 

[0084] [xm- 420] -e©f*, *':^^ASPi 7 

50 iiftSS 1 0 -^©^A* tpit u . *';^aiASiJ 1 7 3!)> 



a4) 



25 



mm<omm i <o ixm- 120]- [xg- 1 s 

0] ^riiif-r-scitcjro-c. $)-5>c>{jx. m^<Dmm 

1 © [le- 1 2 0 ] ~ [xs- 18 0] ?:ii?f-rsc 

2SI^©y- l-ite^^fiKXgtcm-Ct 
(0085) (SIS6©}^JS5 ) |ISS©JgSg5 t>. ^© 
ff^SI 1 © p 5^ f :^ ;i'M^«:JI§©Sii:^S©^JB-c«, ao 
j|js©j^jis 5 *i|iifi©jeM 1 itaii-r -y- 

c 0 0 8 6 ] >'^•-/ Pi^*- ,r i7K{fca{c»-3*Kik'> y 

^0^07 (Cn^T. C©«M7^^©K^t^fiS^S«. 
^;^*«A-rSfc«>©^;^a»A»5 2 t. K{fc|P5 0*> 

p)S^^;^suf/:*/x=&efm-r-s*f;^gf^giJ5 3 s 20 

i Ciplb0S.^PimiK<Jyim'S5 6i::fYUXmit^5 Ort 

%9f3e©#Hmae{c^T5/c«?>© t - d» 5 4 i . s 

^UJAgpe 0 i. S^WASPe 0 -^^^x/xif©:^ 
TSt4**;^*^A-rs/c«)©;t/xziAgP6 1 mimm 

ASB6 0*>?>:tf:^?:PmT-5:«/;^g^SP6 2<!:. K{k^F 
5 0 iSSSiaiAaJ 6 0 <*: *{±^S-> + f - 5 5 i . 

5x i; 3 2 0 i:m<t^ 5 0 rt(cteAm-r .s/c 

Jst>©xu-^-i?fS^6 3*>6«fiS3nTI,»2.. iU'<- 

$««6 3 «:». V 3>ii^flcs«2 0 

«?)©53?5j<-h6 4*SHSJDm6nri,^.5., $/c. 30 

oic#tt&sn/c*3R;«/;^*K^:</;^i. tmmi 0 
sn^. (Si. //;^«jgS5i«. ^sefitJs©K{fcjp5 0 

©rtliSO'51^l©F^®^atCtg^T«>. 
[ 0 0 8 7 ] 0 7 {C7nUfc«t^:&^©^^b]^JfM^* 

K©}^fiK*S©8ifil?:. jyr. ift?gT<S, 
[0088] [Xfi- 500] . Jlife©}f^S 1 © 40 

[xg- 10 0] tmm>JMimf-ri. 

(0 08 9 1 [Xe-5 1 0] 15^7 2. *K«^7 0. 

iag7 1 . *'X^5 lSaf*';^^A8B5 2«r/M/rK 
<bj^5 0'NM^:tf;^?:SAL/. K^tJ^5 0(^*^IR:</;^ 
^Ha«tL/, l^S8l«5 6*/rL-Ct-5r5 4{Cj: 

^■cgt{tjip5o©#Hmse*7oo- CHtf?tK:«j#r 

c©ti;,m*jt.^r{j. ->+ :S?-5 5«&iDr*j 
<. ssastHASPe o«A^(cm$*i/c«sir*2,. 

*br. SffitgffiAS|56 0K:'>y3>i}i^{*aS2 0?r 
iBAU. S3l^-h6 4«O>;p>i}i^f*S«2 0«rtg 50 



12001-127280 
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g-r -5. «SJgaiAgS6 0 ^<Oiy ') 3 >*^{*S«2 0 

gP6 0(C:*/;^^AgP6 l3!Pe>^^//;^^^AU. :^f;^gf 
mS56 2*>6gtWl/. a«t8tliAa6 0rt=Sr^*-^# 

(0 09 0] [xg-5 2 0] sfi^fi^^lASP6 0F«9*l+ 
^«:^*';:^#asl ttj:-j fcB#c^.-C. + - 5 5 
gg#. xu-c-$S«6 3«:fE®j31tr5^;K- h6 4 
^±^3 3 >^^tm^ 2 0 *K4t*P 5 0 tc 
fflA-r?., xU-<^-5?t5^6 3*5S±^ftgCCifiDS< 
51l!K-h6 4©«gPK:J;o-CiJ^bSp5 0<!:»«tS 

WASue 0 i©ia«ajfiu>5r< i&s. 

(0 09 1 ) [Xg- 530] -e©^, 
©K^l#5 0©#HSvSS*^l/. 8 0 0-9 0 0* 
Ci-rS. -eur> Klf7 2. 7 3«r/M/-C«R«8S7 0 

?i<i:«S«S^7 ort-CHfitcril^l/. SSfSS-S^ciK: 
.t-^-CifefiSL/cSS:^/;^?:. Eg7 1 . :tf;:^863S5 IS 
Ot:«/X«Aa55 2%^U-CK{bj^5 0'vi»Ab, 

s«2o©^ffi{cy-hiteig|g*sj^B£3n2.. isi. mt 

S7 0W©se4, m^itH-^ (H^T) {Cj;o-C 
700~900' C{C€^T-5>. ^^^nVs-Z-vifWiit 
ffi4C*iWS^*. «T©^8{Cfiajin-r.5. 

(0092) [«8] 

;4<^:</XSgfi: 5SLM 
Wmi1:^'^m. : 1 0 S LM 
: 75 0- C 

(0093) [Xg- 540] »fS©J53©^^- hlfeiS 

li'&J^fiXLfcf^. M^^7 0rt'N©^;*/;^Si:;c;^3^;«/ 

<oT^tf:^imx Ltjiifih. Kffc*F 5 0 ©stfflsuaa 
?:7oo* cms-cKisL. ^xc^r. x-u-^-nmm 

6 3 4«){^3-«±r53S*i- h 6 4 «:TK&3-t*. 
SSaim ASP 6 0 *> 6 y 3 >#a»«:«g 2 0 «rS8fflT 

[0 094] [TM-sbo] &.m. mM<Dmmi<D 
[xg- 1 2 0 ] ~ [xg- 18 0] ^mnnctic 
J; or. iys©?^3S2{crittBJl//c:?'^X 

•^g^t^tts^ig/c^, mmomm \ © [xs- 1 2 o ] 

- [Xg- 1 8 0] €:^fT-5C<t«:J:-Q-r. pg^f;^ 

©/<-fnj^*--^i'K{ta«:S-5t. sys©J^Sl3{c-c 
gil«tfc2©K©y- h«S«IM3gfiSXg*iltTUTfcJ: 

j|{c«. sisfi©jK«4K:-csii«ofcflnffti!5ffi*»n 

^-C4>J:t,». Sfc. ||Jfe©Jf$Sgl© [Xg- 1 7 0] (C 
fl5fiSLrfc.iU, ^SIM2 3C©]I6iROffflilM*W^{fc 

ttJirtss3nrc»2)©t', ^se2 3c*i®t<t3ns 



(15) 
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(00951 (latCDJ^Sle ) Sltfi©JB.® 6 tt. 2|i:^?« 
[0 0 9 6 ] j|^CDB^6(C*Sl>-C^>, 

[0 09 7] [Xg-6 0 0] 3fe-r, SttSCDJ^JSl© 
[XS- 1 0 0 ] RCf [Xg- 110] iig«<DXg% 

[0098 ] [Xg- 610] ^<m.. *^»B_h«:. 
'>y3>B2 3A. ^JS«2 3C2StC«HK{tttH4 0?r 
Ji;^0fiX O iOf ^it14g 4 0 . 2 3 C 20 

2 3A3&5sau?ta)B(*«rj^fiSfrs. 

A. ^a2 3C. &UliK^b14S4 0*saB3n/cy 

-hsei 2 3«rjg»s-r*. :a{*B!j«:«. y-hiasi® 
ijffimi ort-^ssAOftdJ^. '>';3>^ia»«:»«2 0 

*Sia*-C?fe«U, -e-CD^. J^y n>¥^^«S2 0?: 30 

(mti'KoV) «:$^/cje^*^Jl 0 Onm©i^y3> 
B2 3A (»g©Jg^l{C*jt,>r«!t?'j^"Ja>@) * 
CVD;a(C-C:^B{C|g]gf ^X<.»f. mSI^5nm<D 
WN*>6fiS5SieHp±J12 3B. ;i§*Sjl 0 Onm©d» 
>i';^f->*>6fiXS^MS2 3 C> jlS$^100nm© 

mtiy'j^> (s i N) *>eRK-5WK<bttja4o*)iB;x 

@2 3BRDfe^y3>®2 3A*>'^•^'-->^^•r-5>. C 40 

^Lx, 08© (A) «:^-rj:^«c. -y- 1 2 

3> ib-5l»t3:X. S'y3>B2 3A. ^JS2 3CSaf 

mmimm 4 0 -fymm s n . WMtc y 3 >b 2 3 a *i 
[0099] [xg- 62 0] ^xtc. m&mm 1 © 

[Xg- 130] <t|5«©Xg?r||?f-r.2>C<!:{Cj;o 

r . '> y 3 >iti«ft«« 2 0 «:«iga©;F««j^iS 2 4 

?:JfJfi£-r-6 (S8© (B) #M) . m-^iC^r>XI,t, (g 
igS©^«!^^i^2 4©RtoO«:. ii':^7->->3>® 
m'S:B^LX'bJ:i,\ 50 
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[0 100] [Xg-6 3 0] -e©^. ->y=J>®2 3 
A<omSi:miO. Ro. »S{<b1^4 02^Cf#JSJS2 

as 2 0±«:S^<bi4**>^S3iB 2 5 iBi^-n. 
«c«. K<bJ^y3> (S i O.) 3!pe>fiRiK<tf4*':^S 
3g®2 5?:^SK. ^2«:«^l//ciiiSS7"vX-7CV 
D (HDP-CVD) miCXBfS.-ri> 08© (C) # 

m) . y- h^gi 2 sifihrntitciyo^^^fm^ 

2 0±-C©i?{fctt*XSja@2 5©l?3«:. if-h^m 

1 2 3?:«fiW-.5->y='>B2 3 A©1I® <->y 3>M 

2 3 A iJStaWiha 2 3 B ©If^M) ©•> y 3 

«2 0*»?>©jssieE*aifi/<-r4. y-hm 
e 1 2 3 ©±j3 ©Kibtt^'xjgja® 2 5 3&isffl L , y 

3>5|£^«:SS2 0±©K{btt:</X2jaJ12 5*saton 
^i^K. US^X h®2 6*}g«U (09© (A) # 

M) . Uv>X hM2 6-CS*>nrC»^cC>K'fbtt:^7XSffl 
B2 5?: K^'Ti'^^'^ySCcrKS^L/c:^. Ut>X h 
B2 6*l^*-r-& (09© (B) #M) . F^-^i-^^ 

>y^-ci^*3n/c^©K{ti4^xaijaJi2 5©Si5^ 

©;53*. y- h«@i 2 3*'e>fiin;fc^'y3>¥«(* 
as2 o±-c©®{btt:</xs®@ 2 5 ©/IS tmmL < 

[0101] [Xg- 640] -XK.. mimi^:^i^m 

2 5*ie>??WUfc^JIIB2 3C©fl!JM«:WKfbt4M4 1 

rtsa-rs (H9© (o #m) . :a(««jfc«. W¥ 
j^y3> (s i N) mi:±mi>cm^btc^k. a{b->yn 
e 2 5 *> L/fc^sa 23c ©fflis^s^bs^ y 3 > 

(s i N) *>?>RRSWK{bttJg4 i-ctS^-rsctj&i-r 

[0102] [Xg- 650] *©a. iHK<bt41g4 1 

y 3 >i^«{*««2 0 ±©K{btt)9xajag 2 5 * K ^ 
-fx^f^^y^tcrsj^WKK^iu. »{bt*:^x23ae 

2 5?ri'y3>B2 3 A©ffliJM{CJS-r (01 0© (A) 
#M) . ->y3>J12 3A©JWffi«C. J¥3iSt+nmgfi 
©K^btt:</XS3aB2 53&sg|2)J:^{c. x-^5^>y«:ff 

[0 103] [Xg-66 0] -XtC. jlSfe©J^SIl© 

[Xg- 17 0] tmUicbX. K{btt#ffl^*t?j^^ 
aSTtf^CiKJCoT. HI%. »»{bJ!ffll€:?f^C<!:«: 
<fc r . y 3 >B 2 3 A ©lIIJffi(CK{t»S 2 3 D 

■ri> (01 0© (B) #M) . j^. iy'jti^^fmwL 

2 0©atB«CfeK<bS^y3>|g355J^fiK3tl-S5>«, *^3!p€> 
mtiy y 3 >M©0^»«BS L. /Co 
[0 104] [Xg-6 7 0] -e©^. pM^^(««I 

jt«;i?a>-^BF,) ^-<:t>fixm(,cx^m»m (^ 
frWKti. ->y 3>iti^<$:s«2 0) tcaAurv-x 

/KU-<>MJg3 0*Jl^fi£l.fcm (01 1© (A) # 
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iy V p v^ii^ftsg 2 0 ©m^*^ 5^ + 4^ ii^mmmm 3 i 
fisu. 0 1 1 © ( B ) icm^tji-sammmiTikr p 9^ 

Pa«8W3 2®±«:ffi]^fsWg%^^^> f fetc-rjBfiS 
b. Kfii««a«:^-?^»-->d/-r-sci{cj:-,t:i^3 

3«:}^fiSl/T:feJ:C». 

[ 0 1 0 5 3 iS8. IIJ6<D?gJS2 -|ISfi©J^JS5 (C-ClttW 
[0106] W±> *^?g*Sf * L/C»*ife©?fJ^«:S-:J 20 

CO 1 07] m^it. mi(Dmm3<o [xm-3 3o] 

*&. l 0'^©*^^fXS?:;:^;t/X©^A€:4'± 

C <£; & < ttlSKl^S 1 2 iCcfc -5 -C-> U 3 >^{*S« 

2 05:8 0 0' csr^orfcJ:!,*. Sfc. mkoym 
®4© [xg- 4 10] {c*5t,»-r> :Fr§tt:</x (t^H^ii 30 
^y/X^ASiSl Iffih^mMl OrttCigAL 

•ooj^ n >^m»mm2 o<Dus.>^im^m i 2 k j: 

i^^t*^**X40. 1 ss%^*-r*^RStt**x <«ai^ 
«^:</X) «r;*/;^3IASP 1 7 ^'^.^aSM 1 OrtK^A 

LOO. i/u=j>*ai»s«2 o©fiB[%»nj»*iai 2 

«cj:-Dr 8 5 0" C3;-c^Sbr4>J:t^ Mcc«, 
©y- h*6iftiij^6Sx?i. munm. m2<Dy--ht&m 

sg^tfx^^^ti-rfeiCi, 40 
[0108] mM<DB1&(iC*s^^xi,t. y =1 
(*««©«M«:*&»fil*JgEKbfc*i. *^i!BK:«-:J*. 
«fi©±{c^ $ *afci b- ^^ -f ;U'> 'J 3 >® fc p 
+ :^;USif£^^^g^JfJfig-r ^ C i ^ ««© 

±jc»j!!c$n/c*&»ji©±K:i3M$nfc^';s"; 3>s 

[0 1 0 9 ] so 1 )l«:p9=- + *;l'M¥^ 

imSiBmLXi>Ji(,^. (as. S O I S!*jg«:ilS«:*j 
W-53R^^J!at^^«. J«T©:^ffi-CJg)5R-rSC<»:*s-C# 50 
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LOCOSS 

(b) iii^i*B*^S5»-->*^-r.5CitCj;-,T hU> 
feiitf. H»f^ST I (Shallow Trench Isolation) ^ 

(c) mi^<D(s>s>i>mto<D:^mK.m-^tM^^mm-r 

m^t-lit. S i 0,M, S i 0,Mi:Kl»t";3>M©a 
3^S«i=&C©Jira)g*^Lr!B0^t>«. *»«:S 

B*»S. ^® ^to-frffii STimt *ifi*^to-<t 

(Mesa) mMl-^n.WmWi& 

c 0 1 1 0 ] nte«ai©}i^fiSRof/x«'!^- vmk 

[0111] mm(DBMK.*si,>x o. i%y -^{b**^ 
ctie>omSi'S:imux:f^x-7!im^mti^^) cc 

WLKUInifi. ¥3SftB©«ffii5fe^3{P6r^5Xv«iaiilg 

^'^©!eAS-C©#Hm?:. (t>«^«^:^/ 
X) #ffl»iLr*><fcl^. 1^. C©J:'5J&:#H«». m 
^K, ^^»BO^Ej5fe?^^©#H»?:^Fffitt^x:^ 

mUJ-zfrf XviiJiai|g^©#H»5r:Rgi4^X#|fflS\ 
[0112] 0. 1 %7 •yft*^*^*? 

mtwrnx.^ o r *^»® ©«® j5t# -:. -c 4> i c ^. 
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3X 1 O 'Pa { 1 O-'Torr) 
•5'«&SJ^g^Sffl»«:m« 1 . 3X10- Pa (1 

CO 1 1 3] [^93 
M*7 "»ft*^*';^ : 3 0 Oscan 
^ ^ y—JVMM : 8 Oscan 
mm:ff:^ : 1 0 0 0 scon 

Et> : 0. 3Pa 

: 6 0' C 

[0 114] t^l 0] 

jaS : 8 0 0" C 20 

[0 115] Ctl60:*flffi%»ffl-r-5C<i:{Cj;o-C. -5^ 

[0 116] 5feK:gi?gL/<:J:^{C. :?"7X-7K{tffi«r» 

tc. llifi©ji5Si© [ig- 110] «:*jc» 

r. ^f>^^ASi5 1 7 1 Ort«:t«;ltfdfeS 1 0 

X) ^fe^ALi^C*^^. itfxaSASPl 6A*>6^!iSMl 0 
rtiCd^O. 2 SLM©7kSR**;^«ri!IAL. -ecD^, 

^«^;^«Aa5 1 6 ^ifthimm i o rttcfi»ii«sfEs i 

0SLM©B^**X<O3SA*PaJ&L, #«?ffl<D:Ri14** 40 

P> 1 5{C-C^fiSLfc2. 4 5GHz<D-7-f i^aie^V 
'fi'ajS[«j«mi 4*/|-L-CteaMl 0<07-7Xv^fi£ 

^^lOAK^iArS. c©J:5%ll<^{cj:o-c, 
[0117] 50 
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2.Ci*s-C*5, SlE*©g3B<!:S*»), H,0 

4^ji'M^ii^»Kg©HfiisjE©^«i*iiisr -s-r 4 c i 

[ 0 1 1 8 ] iSa. K^*'XRuf;4ca*fX«:«fi5iS4Mli 
■r .5 C i K: J: o T^feBS L/c7)<M^RO'*^;tf XtcaSft 

iss-ci^j =i>ji©ffliJM«:K<trsc: 
p5a:T5K«!r*4!Pn>miF*Jc©«K{tXig*c*sc> 

r/'^X^K^fc^^Sffl^ntf. 2|ESIffJ«: I o©^ 

^Xvi&S^rt-cy- h^M©jefiK<i:?tK{b<!:*tf 
5 C i*ioJte<t ?c 0 . H6Mfe«©J^JiSi«K<t©fc 

ifo<jy$m.ifi 1 orsf * . iia«fiS*ia3R{k-r * c i *it? 
^s, 7-7X-v^{ta<&Sffl^n«, SEfbj^*! 

l,^fcK{tffi{cJ;^-CK{bK?:Ji5(S^e©-e, gn/ciSB# 
(TDDB) #tt«rWT.SM<k)g=&?i^Ci*5 

[aM©SmJ5:|ftBJ] 

[an *^©:&a©*S6«:jSL./c:/7X-7ias$ig 

©fflEjfeH-C*S. 

[02 3 ||i«©Ji^S 1 ©ite!it^©JK^iK^?:IJi?g-r'5fc 

js{)©i^ y a >*®«:ss^©«s;e«)ft-siJ»f®a-c* 

[03] ia2«C?|*lK*. ^©m<ig 1 ©J6i»®©0fiS 
[^4] a3(C§|»i^». 9lti©^^l©i%IIM©^liK 

[05] 04(c9i»«itt. ^©^is 1 ©^«^©^eK 
:^rffi*iftig-rsfc«)©j^y 3>^}£iifl:s«^©gisa!jja: 

[06 3 S5{c?l#iK#. 3t66©}&^l©«Myg©J^JS 

[07 3 vs-^ay:t;:.-yd/K{bffifcS-:J#B5{tm*J^fi£ 
T S /c««>©8IS:S^©K< kli0fiKilS©m^0-C* 2>. 
[08 3 SI*S©JKSi6©»iS)g©}i5fi£^S:Sil8-rSfc 
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4. 

[012] i'^;^f--:'-;uJia<D«iCa-c*s. 

1 0 • • • J!ia^. 1 0 A • • • y^^Xv^fiSMJ^. 1 
OB • • • zf^X-7!S!Mmm. 1 1 • • • X-f- J^. 1 

2 • • • ftIit!l#S. 1 3 • • • 885. 14- • • v-f d; 
Dje^jg'S. 1 5 • • • -7^^ ha>, 16 A. 16 
B. 1 6C • • • tf:x.mASSi. 1 7 • • *'X^ASe, * 

[01 } 
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1 8 • • • **;^gtSia. 1 9 • • • t-if. 20 • • • 

'>t;3>^ii3if*»«. 2 1 • • m^Hmmm. 22 • 

• • y- hiteiSM. 2 3. 1 2 3 • • • y- hmg. 2 

3A • • • •>y3>^. 2 3B • -jaSESihM. 2 3 
C • • • 2 3 D • • • mim. 2 4- • • (gi« 

&(o:mmmm. 2 5 • • ■ K^fctt^f;^^®®. 2 e • 

• • Ui^;^ HB. 2 7 • • • BtK^bffil. 2 8 • • • U 

hm, 29 • ■ - ^^ K-J^-^U. 30 • • • y- 
X/FU-f:/^J^. 3 1 • • • 5^ + *;l/Jg«1S«?. 3 2 

• • • ®P€i^)i. 3 3 • • • mm. 4 0 • • • wmit 

t4S. 4 1 • • • MK^btiM. 5 0 • • • mib^. 5 1 

• • • tf^ms, 5 2 • • • if:^mxm. bs - ■ a 

7.mf^U. 5 4 • • ■ t-^, 5 5 • • • ->+ f if-, 

5 6 • • • 6 0 • • • ssiewASP. b i • • 

. ^/X^ASS. 6 2 • • • :</;^gtmg|5. 6 3- • • x U 
-i-^afll. 6 4 • • • h. 7 0- • 

7 1. 7 2. 73- • -IB* 



[02] 



[B11 [Bai 
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[03] m4] 
ms} [04] 




me] 



[BIO] 



[696] 

(A) [Xa-I 8 01 




24 22 1 30v-X/KW>«« 
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(B) [xa-1 8 0] mts 

23 33Ett 




[H1 O] 

(A) [Xa-6 5 0] 



25 




24 22 



(B) [xa-eeo] 

41 -X 40 123 
25 




24 22 



(20) 



#11200 1- 1 27 280 



[US] 



[07] 



(A) [X€-1 6 0] 

25^ 




(B) [lg-17 0] 



25 




(C) Cxe-18 0] 

23 




53 



73- 




[012] 



[91 2] 




(21) 
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[H8] [B9] 

(A) [Xe-6 10] (A) [X8-6 3 0]6^ 




[011] 



[H1 1] 

<A) CXa-6 7 0] 




(22) J^2001-127280 

F 4ML04 AAOl BBOl BB16 BB18 BB29 

BB30 BB33 BB40 CC05 D004 
D008 DD37 DD43 D065 DD89 
EE05 EE09 EE12 EE14 EE17 
FF18 0CO9 OGIO 0G14 HH04 
HH08 

5F040 DB03 EC02 EC03 EC07 EKOl 

FA05 FC02 
5F058 BA20 BC02 BF37 BF39 BF55 

BF73 B301 B307 
5F110 M03 AA04 EE04 EE09 EE15 

EE33 EE44 EE45 FF02 FF25 

NN23 NN28 NN37 



